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PRELIMINARY AMENDMENT 

With the transmission of the filing of the referenced application under 35 USC 
3.71 , Applicants submit the following Preliminary Amendment. 

IN THE CLAIMS 

Please delete the originally filed claims 1-2. 

Please add the following new claims and proceed with the national examination 
procedures under 35 USC 3.71 : 

1 1 . An apparatus including thermal stress reduction, comprising: 

2 a package; 

3 a mass coupled to the package, the mass having a surface, the mass further 

4 including an active region; and 

5 one or more substantially rigid members for attaching at least one point on 

6 the surface to the package to create a resilient coupling between the mass 

7 and the package, wherein at least a portion of the active region is spaced 

8 apart from the at least one point of attachment. 



1 2. The apparatus of claim 1 , wherein the package comprises; a package including 

2 a cavity for receiving the mass. 

1 3. The apparatus of claim 1 , wherein the package comprises: 

2 a package including a recess for receiving the rigid member. 

1 4. The apparatus of claim 1 , wherein the mass comprises one or more bond pads 

2 for coupling the mass to the package. 

1 5. The apparatus of claim 4, wherein the bond pads have a cross-sectional shape 

2 selected from the group consisting of approximately rectangular, approximately oval, 

3 approximately tri-oval, approximately oct-oval, approximately wavy sided rectangular, 

4 approximately oct-pie-wedge, approximately hollow oct-pie-wedge, approximately nine- 

5 circular, approximately starburst, or approximately sunburst. 

1 6. The apparatus of claim 4, wherein the mass comprises one or more passive 

2 regions; and 

3 wherein the bond pads are approximately located in the passive regions. 

1 7. The apparatus of claim 4, wherein the mass further comprises a first passive 

2 region; and 

3 wherein the bond pads are approximately located in the first passive region. 

1 8. The apparatus of claim 7, wherein the first passive region is located at one end 

2 of the mass. 

1 9. The apparatus of claim 4, wherein the mass further comprises a first passive 

2 region and a second passive region; and 

3 wherein the bond pads are located in the first passive region and the second 

4 passive region. 

1 1 0. The apparatus of claim 9, wherein the first passive region is located at one end 

2 of the mass; and 

3 wherein the second passive region is located at the opposite end of the mass. 
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1 11. The apparatus of claim 4, wherein the mass further comprises a first passive 

2 region integral to the active region; and 

3 wherein the bond pads are located in the first passive region. 

1 12. The apparatus of claim 1 1 , wherein the first passive region is located at one end 

2 of the mass; and 

3 wherein the first active region is located at the opposite end of the mass. 

1 1 3. The apparatus of claim 4, wherein the mass further comprises an active region; 

2 and 

3 wherein the bond pads are approximately located in the active region. 

1 14. The apparatus of claim 13, wherein the bond pads are located in the 

2 approximate center of the active region. 

1 15. The apparatus of claim 1, wherein the rigid members have a cross-sectional 

2 shape that is approximately rectangular or approximately circular. 



1 16. The apparatus of claim 1 , wherein the rigid members are approximately located 

2 at one end of the package. 

1 1 7. The apparatus of claim 1 , wherein the rigid members are approximately located 

2 at the approximate center of the package. 

1 18. The apparatus of claim 1 , wherein there are one or more first rigid members and 

2 one or more second rigid members; 

3 wherein the first rigid members are approximately located at one end of the 

4 package; and 

5 wherein the second rigid members are approximately located at the opposite 

6 end of the package. 



1 19. The apparatus of claim 1, wherein the rigid members are a material selected 

2 from the group consisting of solder, conductive epoxy, non-conductive epoxy, and glass 

3 frit. 
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1 20. The apparatus of claim 1 , further comprising one or more sliding supports 

2 coupled to the package for slidingly supporting the mass. 

1 21 . The apparatus of claim 20, wherein the sliding supports have a cross-sectional 

2 shape selected from the group consisting of approximate square, approximate circle, 

3 approximate triangle and approximate rectangle. 

1 22. The apparatus of claim 1 , wherein the package comprises: 

2 a package including a pedestal for supporting the rigid members. 

1 23. The apparatus of claim 1 , wherein the mass is a micro-machined device, an 

2 integrated circuit chip, or an optical device. 

1 24. The apparatus of claim 1 , wherein the rigid members further electrically couple 

2 the mass to the package. 

1 25. A method of coupling a mass having an active region to a package to reduce 

2 effects of thermal stress, comprising: 

3 attaching at least one surface point on the mass to the package using one or 

4 more substantially rigid members to create a resilient coupling between the 

5 mass and the package, wherein at least a portion of the active region is spaced 

6 apart from the at least one point of attachment. 

1 26. The method of claim 25, wherein attaching the mass comprises attaching the 

2 mass at a plurality of locations. 

1 27. The method of claim 25, wherein the mass comprises a passive region, and 

2 wherein attaching the mass comprises attaching the passive region to the package. 

1 28. The method of claim 27, wherein the passive region is located at one end of the 

2 mass. 

1 29. The method of claim 25, wherein attaching the mass comprises attaching the 

2 active region to the package. 
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1 30. The method of claim 29, wherein attaching the active region comprises attaching 

2 the approximate center of the active region to the package. 

1 31 . The method of claim 25, wherein the mass comprises a first passive region and 

2 a second passive region; and 

3 wherein attaching the mass comprises attaching the first passive region to the 

4 package and attaching the second passive region to the package. 

1 32. The method of claim 31 , wherein the first passive region is located at one end 

2 of the mass; and 

3 wherein the second passive region is located at an opposite end of the mass. 

1 33. The method of claim 25, wherein the mass further comprises a passive region 

2 integral to the active region; and 

3 wherein attaching the mass comprises attaching the passive region to the 

4 package. 

1 34. The method of claim 33, wherein the passive region is at one end of the mass; 

2 and 

3 wherein the active region is at the opposite end of the mass. 

1 35. The method of claim 25, wherein attaching the mass comprises permitting the 

2 mass to expand and contract without inducing stresses in the mass. 

1 36. The method of claim 25, wherein attaching the mass comprises providing for 

2 expansion and contraction of the package without inducing stresses in the mass. 

1 37. The method of claim 25, further comprising slidingly supporting the mass at one 

2 or more different locations. 

1 38. The method of claim 37, wherein slidingly supporting the mass comprises 

2 slidingly supporting the mass at a plurality of locations. 
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1 39. The method of claim 37, wherein slidingly supporting the mass comprises 

2 providing for expansion and contraction without inducing stresses in the package. 



1 40. The method of claim 25, wherein attaching the mass comprises providing for 

2 expansion and contraction without inducing stresses in the package. 

1 41 . The method of claim 25, further comprising electrically coupling the mass to the 

2 package at one or more different locations. 

Respectfully submitted, 
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LOW STRESS DIEATT ACHMENT 
Background of the Invention 
The present disclosure relates generally to a method of attaching a mass to 
a package, and in particular to attaching a mass to a package in order to 
5 minimize stress. 

In attaching a mass to a package, thermally induced contraction and 
expansion effects are created in the mass as well as other package stress effects. 
Elastomer or epoxy-based attach materials minimize thermally induced 
contraction and expansion effects but limit the shock withstanding of the mass 
10 and cannot facilitate vacuum sealing due to out gassing. Mechanical attachment 
; 5 processes minimize thermally induced contraction and expansion effects created 

in the mass, but are complex. 
P The present invention is directed at minimizing the thermally induced 

contraction and expansion stresses along with other stress effects in the mass 
15 and the housing, while providing good manufacturability and enabling a vacuum- 
1 sealing process. 

II Summary of the Invention 

5 An apparatus is provided that includes a package, a mass coupled to the 

u package, and one or more resilient couplings for attaching the mass to the 
20 package. 

A method of coupling a mass to a package is provided that includes 
resiliently attaching the mass to the package at one or more different locations. 
Brief Description of the Drawings 
Fig. 1A is a cross-sectional view illustrating an embodiment of an 
25 apparatus for resiliently attaching a mass to a package. 

Fig. IB is a top view of an embodiment of the apparatus of Fig. 1A. 
Fig. 1C is a bottom view of an embodiment of the mass of the apparatus of 
Fig. 1A. 

Fig. ID is a top view of an embodiment of the resilient coupling of the 
30 apparatus of Fig. 1A. 

Fig. IE is a detailed view of the embodiment of the resilient coupling of 
Fig. ID. 
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Fig. IF is a bottom view of an alternate embodiment of the mass of the 
apparatus of Fig. 1A. 

Fig. 1G is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 1A. 
5 Fig. 1H is a top view of an alternate embodiment of the bond pad of the 

apparatus of Fig. 1A. 

Fig. 1 J is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 1A. 

Fig. IK is a top view of an alternate embodiment of the bond pad of the 
10 apparatus of Fig. 1A. 

Fig. 1L is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 1A. 

Fig. 1M is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 1A. 
15 Fig. IN is a top view of an alternate embodiment of the bond pad of the 

apparatus of Fig. 1A. 

Fig. IP is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 1A. 

Fig. 1Q is a top view of an alternate embodiment of the resilient coupling 
20 of the apparatus of Fig. 1A. 

Fig. 1R is a detailed view of the alternate embodiment of the resilient 
coupling of Fig. 1Q. 

Fig. IS is a cross-sectional view illustrating an alternate embodiment of an 
apparatus for resiliently attaching a mass to a package. 
25 Fig. IT is a top view of an embodiment of the sliding supports of the 

apparatus of Fig. IS. 

Fig. 1U is a top view of an alternate embodiment of the sliding supports of 
the apparatus of Fig. IS. 

Fig. IV is a top view of an alternate embodiment of the sliding supports of 
30 the apparatus of Fig. IS. 

Fig. 1W is a top view of an alternate embodiment of the sliding supports of 
the apparatus of Fig. IS. 
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Fig. 2A is a cross-sectional view illustrating an embodiment of an 
apparatus for resiliently attaching a mass to a package. 

Fig. 2B is a top view of an embodiment of the apparatus of Fig. 2A. 
Fig. 2C is a bottom view of an embodiment of the mass of the apparatus of 
5 Fig. 2A. 

Fig. 2D is a top view of an embodiment of the resilient coupling of the 
apparatus of Fig. 2A. 

Fig. 2E is a detailed view of the embodiment of the resilient coupling of 
Fig. 2D. 

10 Fig. 2F is a bottom view of an alternate embodiment of the mass of the 

apparatus of Fig. 2A. 

Fig. 2G is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 2A. 

Fig. 2H is a top view of an alternate embodiment of the bond pad of the 
15 apparatus of Fig. 2A. 

Fig. 2J is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 2A. 

Fig. 2K is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 2A. 
20 Fig. 2L is a top view of an alternate embodiment of the bond pad of the 

apparatus of Fig. 2A. 

Fig. 2M is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 2A. 

Fig. 2N is a top view of an alternate embodiment of the bond pad of the 
25 apparatus of Fig. 2A. 

Fig. 2P is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 2A. 

Fig. 2Q is a top view of an alternate embodiment of the resilient coupling 
of the apparatus of Fig. 2A. 
30 Fig. 2R is a detailed view of the alternate embodiment of the resilient 

coupling of Fig. 2Q. 
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Fig. 2S is a cross-sectional view illustrating an alternate embodiment of an 
apparatus for resiliently attaching a mass to a package. 

Fig. 2T is a top view of an embodiment of the sliding supports of the 
apparatus of Fig. 2S. 

5 Fig. 2U is a top view of an alternate embodiment of the sliding supports of 

the apparatus of Fig. 2S. 

Fig. 2V is a top view of an alternate embodiment of the sliding supports of 
the apparatus of Fig. 2S. 

Fig. 2W is a top view of an alternate embodiment of the sliding supports of 
10 the apparatus of Fig. 2S. 

Fig. 3A is a cross-sectional view illustrating an embodiment of an 
apparatus for resiliently attaching a mass to a package. 

Fig. 3B is a top view of an embodiment of the apparatus of Fig. 3A. 
Fig. 3C is a bottom view of an embodiment of the mass of the apparatus of 
15 Fig.3A. 

Fig. 3D is a top view of an embodiment of the resilient coupling of the 
apparatus of Fig. 3A. 

Fig. 3E is a detailed view of the embodiment of the resilient coupling of 
Fig. 3D. 

20 Fig. 3F is a cross-sectional view illustrating an alternate embodiment of an 

apparatus for resiliently attaching a mass to a package. 

Fig. 3G is a bottom view of an alternate embodiment of the mass of the 
apparatus of Fig. 3A. 

Fig. 3H is a top view of an alternate embodiment of the bond pad of the 
25 apparatus of Fig. 3A. 

Fig. 3J is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 3A. 

Fig. 3K is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 3A. 
30 Fig. 3L is a top view of an alternate embodiment of the bond pad of the 

apparatus of Fig. 3A. 
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Fig. 3M is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 3A. 

Fig. 3R is a top view of an alternate embodiment of the resilient coupling 
of the apparatus of Fig. 3A. 
5 Fig. 3S is a detailed view of the alternate embodiment of the resilient 

coupling of Fig. 3S. 

Fig. 3T is a cross-sectional view illustrating an alternate embodiment of an 
apparatus for resiliently attaching a mass to a package. 

Fig. 3U is a top view of an embodiment of the sliding supports of the 
10 apparatus of Fig. 3T. 

Fig. 3V is a top view of an alternate embodiment of the shding supports of 
the apparatus of Fig. 3T. 

Fig. 3W is a top view of an alternate embodiment of the shding supports of 
the apparatus of Fig. 3T. 
15 Fig. 3X is a top view of an alternate embodiment of the sliding supports of 

the apparatus of Fig. 3T. 

Fig. 4A is a cross-sectional view illustrating an embodiment of an 
apparatus for resiliently attaching a mass to a package. 

Fig. 4B is a top view of an embodiment of the apparatus of Fig. 4A. 
20 Fig. 4C is a bottom view of an embodiment of the mass of the apparatus of 

Fig. 4A. 

Fig. 4D is a top view of an embodiment of the resilient coupling of the 
apparatus of Fig. 4A. 

Fig. 4E is a detailed view of the embodiment of the resilient coupling of 
25 Fig.4D. 

Fig. 4F is a cross-sectional view illustrating an alternate embodiment of an 
apparatus for resiliently attaching a mass to a package. 

Fig. 4G is a bottom view of an alternate embodiment of the mass of the 
apparatus of Fig. 4A. 
30 Fig. 4H is a top view of an alternate embodiment of the bond pad of the 

apparatus of Fig. 4A. 
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Fig. 4J is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 4A. 

Fig. 4K is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 4A. 
5 Fig. 4L is a top view of an alternate embodiment of the bond pad of the 

apparatus of Fig. 4A. 

Fig. 4M is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 4A. 

Fig. 4R is a top view of an alternate embodiment of the resilient coupling 
10 of the apparatus of Fig. 4A. 

Fig. 4S is a detailed view of the alternate embodiment of the resilient 
coupling of Fig. 4R. 

Fig. 4T is a cross-sectional view illustrating an alternate embodiment of an 
apparatus for resiliently attaching a mass to a package. 
15 Fig. 4U is a top view of an embodiment of the sliding supports of the 

apparatus of Fig. 4T. 

Fig. 4V is a top view of an alternate embodiment of the shding supports of 
the apparatus of Fig. 4T. 

Fig. 4W is a top view of an alternate embodiment of the sliding supports of 
20 the apparatus of Fig. 4T. 

Fig. 4X is a top view of an alternate embodiment of the sliding supports of 
the apparatus of Fig. 4T. 

Fig. 5A is a cross-sectional view illustrating an embodiment of an 
apparatus for resiliently attaching a mass to a package. 
25 Fig. 5B is a top view of an embodiment of the apparatus of Fig. 5A. 

Fig. 5C is a bottom view of an embodiment of the mass of the apparatus of 
Fig. 5A. 

Fig. 5D is a top view of an embodiment of the first resilient coupling of the 
apparatus of Fig. 5A. 

30 Fig. 5E is a detailed view of the embodiment of the first resilient coupling 

of Fig. 5D. 
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Fig 5F is a top view of an embodiment of the second resilient coupling of 
the apparatus of Fig. 5A. 

Fig. 5G is a detailed view of the embodiment of the second resilient 
coupling of Fig. 5F. 

5 Fig. 5H is a bottom view of an alternate embodiment of the mass of the 

apparatus of Fig. 5A. 

Fig. 5 J is a bottom view of an alternate embodiment of the mass of the 
apparatus of Fig. 5A. 

Fig. 5K is a top view of an alternate embodiment of the bond pad of the 
10 apparatus of Fig. 5A. 

Fig. 5L is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 5A. 

Fig. 5M is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 5A. 
15 Fig. 5N is a top view of an alternate embodiment of the bond pad of the 

apparatus of Fig. 5A. 

Fig. 5P is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 5A. 

Fig. 5Q is a top view of an alternate embodiment of the bond pad of the 
20 apparatus of Fig. 5A. 

Fig. 5R is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 5A. 

Fig. 5S is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 5A. 
25 Fig. 5T is a top view of an alternate embodiment of the first resilient 

coupling of the apparatus of Fig. 5A. 

Fig. 5U is a detailed view of the alternate embodiment of the first resilient 
coupling of Fig. 5T. 

Fig. 5V is a top view of an alternate embodiment of the second resilient 
30 coupling of the apparatus of Fig. 5A. 

Fig. 5W is a detailed view of the alternate embodiment of the second 
resilient coupling of Fig. 5V. 
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Fig. 5X is a cross-sectional view illustrating an alternate embodiment of an 
apparatus for resiliently attaching a mass to a package. 

Fig. 5Y is a top view of an embodiment of the sliding supports of the 
apparatus of Fig. 5X. 
5 Fig. 5Z is a top view of an alternate embodiment of the sliding supports of 

the apparatus of Fig. 5X. 

Fig. 5AA is a top view of an alternate embodiment of the sliding supports 
of the apparatus of Fig. 5X. 

Fig. 5BB is a top view of an alternate embodiment of the sliding supports 
10 of the apparatus of Fig. 5X. 

Fig. 6A is a cross-sectional view illustrating an embodiment of an 
apparatus for resiliently attaching a mass to a package. 

Fig. 6B is a top view of an embodiment of the apparatus of Fig. 6A. 

Fig. 6C is a bottom view of an embodiment of the mass of the apparatus of 
15 Fig. 6A. 

Fig. 6D is a top view of an embodiment of the first resilient coupling of the 
apparatus of Fig. 6A. 

Fig. 6E is a detailed view of the embodiment of the first resilient coupling 
of Fig. 6D. 

20 Fig. 6F is a top view of an embodiment of the second resilient coupling of 

the apparatus of Fig. 6A. 

Fig. 6G is a detailed view of the embodiment of the second resilient 
coupling of Fig. 6F. 

Fig. 6H is a bottom view of an alternate embodiment of the mass of the 
25 apparatus of Fig. 6A. 

Fig. 6J is a bottom view of an alternate embodiment of the mass of the 
apparatus of Fig. 6A. 

Fig. 6K is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 6A. 
30 Fig. 6L is a top view of an alternate embodiment of the bond pad of the 

apparatus of Fig. 6A. 
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Fig. 6M is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 6 A. 

Fig. 6N is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 6A. 
5 Fig. 6P is a top view of an alternate embodiment of the bond pad of the 

apparatus of Fig. 6A. 

Fig. 6Q is a top view of an alternate embodiment of the bond pad of the 
apparatus of Fig. 6A. 

Fig. 6R is a top view of an alternate embodiment of the bond pad of the 
10 apparatus of Fig. 6A. 
^ Fig. 6S is a top view of an alternate embodiment of the bond pad of the 

apparatus of Fig. 6A. 

Fig. 6T is a top view of an alternate embodiment of the first resilient 
coupling of the apparatus of Fig. 6A. 
15 Fig. 6U is a detailed view of the alternate embodiment of the first resilient 

coupling of Fig. 6T. 

Fig. 6V is a top view of an alternate embodiment of the second resilient 
coupling of the apparatus of Fig. 6A. 

Fig. 6W is a detailed view of the alternate embodiment of the second 
20 resilient coupling of Fig. 6V. 

Fig. 6X is a cross-sectional view illustrating an alternate embodiment of an 
apparatus for resiliency attaching a mass to a package. 

Fig. 6Y is a top view of an embodiment of the sliding supports of the 
apparatus of Fig. 6X. 
25 Fig. 6Z is a top view of an alternate embodiment of the sliding supports of 

the apparatus of Fig. 6X. 

Fig. 6AA is a top view of an alternate embodiment of the sliding supports 
of the apparatus of Fig. 6X. 

Fig. 6BB is a top view of an alternate embodiment of the shding supports 
30 of the apparatus of Fig. 6X. 

Fig. 7A is a top view of an alternate embodiment of the apparatus of Fig. 

1A. 
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Fig. 7B is a cross-sectional view of an alternate embodiment of the 
apparatus of Fig. 1A. 

Fig. 7C is a top view of an alternate embodiment of the apparatus of Fig. 

1A. 

5 Fig. 7D is a cross-sectional view of an alternate embodiment of the 

apparatus of Fig. 1A. 

Detailed Description of the Illustrative Embodiments 
Referring initially to Figs. 1A through IE, an embodiment of a system 100 
for resiliency coupling a mass to a package preferably includes a package 102, a 

10 mass 104, one or more bond pads 106, one or more resilient couplings 108, and 
one or more electrical connections 112. 

The package 102 is preferably coupled to the resilient couplings 108 and 
the electrical connections 112. The package 102 may be, for example, a housing 
or a substrate. In a preferred embodiment, the package 102 is a housing in order 

15 to optimally provide a surface mount component. The package 102 preferably 
includes a top parallel planar surface 114 and a cavity 116. The cavity 116 
preferably includes a first wall 118, a second wall 120, a third wall 122 and a 
fourth wall 124. The first wall 118 and the third wall 122 are preferably 
approximately parallel to each other and the second wall 120 and the fourth wall 

20 124 are preferably approximately parallel to each other. The second wall 120 and 
the fourth 124 wall are also preferably perpendicular to the first wall 118 and the 
third wall 122. The cavity 116 preferably includes a bottom surface 126. The 
package 102 may be any number of conventional commercially available housings 
of the type ceramic, metal or plastic. In a preferred embodiment, the package 

25 102 is ceramic in order to optimally provide vacuum sealing of the mass 104 
within the package 102. 

The mass 104 is preferably resiliently attached to the package 102 by the 
resident couplings 108 and electrically coupled to the package 102 by the 
electrical connections 112. The mass 104 preferably has an approximately 

30 rectangular cross-sectional shape. In a preferred embodiment, the mass 104 is a 
micro machined sensor substantially as disclosed in copending U. S. Patent 
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Application Serial No. , Attorney Doeket No. 14737.737, filed on 

, the disclosure of which is incorporated herein by reference. 

In a preferred embodiment, the mass 104 includes a top parallel planar 
surface 128 and a bottom parallel planar surface 130. The bottom parallel planar 
5 surface 130 of the mass 104 preferably includes a first side 132, a second side 
134, a third side 136, and a fourth side 138. The first side 132 and the third side 
136 are preferably approximately parallel to each other and the second side 134 
and the fourth side 138 are preferably approximately parallel to each other and 
preferably approximately perpendicular to the first side 132 and the third side 

10 136. The mass 104 preferably includes a passive region 140 at one end and an 
active region 146 at the opposite end. 

In a preferred embodiment, the bottom parallel planar surface 130 of the 
mass 104 includes the bond pads 106. In a preferred embodiment, the bond pads 

I 106 are located in the passive region 140 of the bottom parallel planar surface 

15 130 of the mass 104. The bond pads 106 may be located a perpendicular 

distance ranging, for example, from about 5 to 25 mils from the first side 132 of 
the bottom parallel planar surface 130 of the mass 104 and may be located a 
perpendicular distance ranging, for example, from about 5 to 25 mils from the 
second side 134 of the bottom parallel planar surface 130 of the mass 104. In a 

20 preferred embodiment, the bond pads 106 are located a perpendicular distance 
ranging from about 7 to 12 mils from the first side 132 of the bottom parallel 
planar surface 130 of the mass 104 in order to optimally minimize thermal 
stresses and located a perpendicular distance ranging from about 7 to 12 mils 
from the second side 134 of the bottom parallel planar surface 130 of the mass 

25 104 in order to optimally minimize thermal stresses. The bond pads 106 may be 
used for, for example, solder, conductive epoxy, non- conductive epoxy, or glass 
frit bonding. In a preferred embodiment, the bond pads 106 are used for solder 
bonding in order to optimally provide good manufacturability. In a preferred 
embodiment, the bond pads 106 contact area is maximized in order to optimize 

30 the shock tolerance of the mass 104. In a preferred embodiment, the bond pads 
106 have minimal discontinuities in order to optimize the distribution of thermal 
stresses in the mass 104. In several alternate embodiments, there is a plurality 
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of bond pads 106 in order to optimize the relief of thermal stresses in the mass 
104. In a preferred embodiment, there is a single bond pad 106a. The bond pad 
106a preferably has an approximately rectangular cross-sectional shape. The 
length L 106a of the bond pad 106a may range, for example, from about 180 to 240 
5 mils. In a preferred embodiment, the length L 106a of the bond pad 106a ranges 
from about 200 to 220 mils in order to optimally minimize thermal stresses. The 
width W 106a of the bond pad 106a may range, for example, from about 15 to 25 
mils. In a preferred embodiment, the width W 106a of the bond pad 106a ranges 
from about 18 to 22 mils in order to optimally minimize thermal stresses. The 

10 height H 106a of the bond pad 106a may range, for example, from about 0.1 to 1 
micron. In a preferred embodiment, the height H 106a of the bond pad 106a ranges 
% from about 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

The resilient couplings 108 preferably resiliently attach the bond pads 106 
to the package 102. The resilient couplings 108 are preferably coupled to the 

15 bottom surface 126 of the cavity 116 of the package 102. In a preferred 
embodiment, the resilient couplings 108 are solder preforms. In a preferred 
7 embodiment, the resilient couplings 108 have an approximately rectangular 
cross-sectional shape. In a preferred embodiment, the resilient couplings 108 
have minimal discontinuities in order to optimize the distribution of thermal 

20 stresses. In several alternate embodiments, there is a plurality of resilient 

couplings 108 in order to optimize the relief of thermal stresses in the mass 104. 
The resilient couplings 108 may be any number of conventional commercially 
available solder preforms of the type, for example, eutectic or non-eutectic. In a 
preferred embodiment, the resilient couplings 108 are a eutectic type in order to 

25 optimally provide good yield strength with a reasonable melt temperature. The 
resilient couplings 108 may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the first wall 118 of the cavity 116 of the 
package 102 and may be located a perpendicular distance ranging, for example, 
from about 5 to 25 mils from the second wall 120 of the cavity 116 of the package 

30 102. In a preferred embodiment, the resilient couplings 108 are located a 

perpendicular distance ranging from about 7 to 12 mils from the first wall 118 of 
the cavity 116 of the package 102 in order to optimally minimize thermal stresses 
-12- 
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and located a distance ranging from about 7 to 12 mils from the second wall 120 
of the cavity 116 of the package 102 in order to optimally minimize thermal 
stresses. In a preferred embodiment, there is a single resilient coupling 108. The 
length L 108 of the resilient coupling 108 may range, for example, from about 200 
5 to 250 mils. In a preferred embodiment, the length L 108 of the resilient coupling 
108 ranges from about 225 to 235 mils in order to optimally imnimize thermal 
stresses. The width W 108 of the resilient coupling 108 may range, for example, 
from about 20 to 35 mils. In a preferred embodiment, the width W 108 of the 
resilient coupling 108 ranges from about 25 to 30 mils in order to optimally 

10 minimize thermal stresses. The height H 108 of the resilient coupling 108 may 
range, for example, from about 2 to 4 mils. In a preferred embodiment, the 
height H 108 of the resilient coupling 108 ranges from about 2.5 to 3 mils in order 
to optimally minimize thermal stresses. 

In a preferred embodiment, the resilient couplings 108 further include one 

15 or more first bumpers 142 and one or more second bumpers 144 for slidingly 
supporting the mass 104. In a preferred embodiment, the first bumpers 142 are 
located on one side of the bond pads 106 and the second bumpers 144 are located 
on another side of the bond pads 106. In a preferred embodiment, the first 
bumpers 142 and the second bumpers 144 are proximate to the bond pads 106. 

20 The width W 142 of the first bumpers 142 may range, for example, from about 2 to 
6 mils. In a preferred embodiment, the width W 142 of the first bumpers 142 
ranges from about 3 to 5 mils in order to minimize thermal stresses. The width 
W 144 of the second bumpers 144 may range, for example, from about 2 to 6 mils. 
In a preferred embodiment, the width W 144 of the second bumpers 144 ranges 

25 from about 3 to 5 mils in order to minimize thermal stresses. In a preferred 
embodiment, the resilient couplings 108 are coupled to the bond pads 106 using 
conventional solder equipment and processes. In a preferred embodiment, the 
resilient couplings 108 are coupled to the bottom surface 126 of the cavity 116 of 
the package 102 using conventional solder equipment and processes. In a 

30 preferred embodiment, there is a single first bumper 142 and a single second 
bumper 144. 
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The electrical connections 112 preferably electrically couple the mass 104 
to the package 102. In a preferred embodiment, there is a single electrical 
connection 112. The electrical connection 112 preferably electrically couples the 
top parallel planar surface 114 of the package 102 to the top parallel planar 
5 surface 128 of the mass 104. In a preferred embodiment, the electrical 

connection 112 is a wire bond. The electrical connection 112 may be any number 
of conventional commercially available wire bonds of the type, for example, 
aluminum or gold. In a preferred embodiment, the electrical connection 112 is 
gold in order to optimally provide compatibility with the package 102 and the 
10 mass 104 metallization. In a preferred embodiment, the electrical connection 
112 is coupled to the package 102 using conventional wire-bonding equipment 
and processes. In a preferred embodiment, the electrical connection 112 is 
coupled to the mass 104 using conventional wire-bonding equipment and 
processes. 

15 Referring to Fig. IF, in an alternate embodiment, there is a first bond pad 

148a and a second bond pad 148b that are substantially equal in size and 
horizontally proximate to each other. The bond pads 148a and 148b may be used 
for, for example, solder, conductive epoxy, non-conductive epoxy, or glass frit 
bonding. In a preferred embodiment, the bond pads 148a and 148b are used for 

20 solder bonding in order to optimally provide good manufacturability. The bond 
pads 148a and 148b preferably have an approximately rectangular cross-sectional 
shape. The length L 148 of the bond pads 148a and 148b may range, for example, 
from about 180 to 240 mils. In a preferred embodiment, the length L 148 of the 
bond pads 148a and 148b range from about 200 to 220 mils in order to optimally 

25 minimize thermal stresses. The width W 148 of the bond pads 148a and 148b may 
range, for example, from about 10 to 20 mils. In a preferred embodiment, the 
width W 148 of the bond pads 148a and 148b range from about 13 to 18 mils in 
order to optimally minimize thermal stresses. The height H 148 of the bond pads 
148a and 148b may range, for example, from about 0.1 to 1 micron. In a 

30 preferred embodiment, the height of the bond pads 148a and 148b range 
from about 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 
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The first bond pad 148a is preferably located in the passive region 140 of 
the bottom parallel planar surface 130 of the mass 104. The first bond pad 148a 
may be located a perpendicular distance ranging, for example, from about 5 to 25 
mils from the first side 132 of the bottom parallel planar surface 130 of the mass 
5 104 and may be located a perpendicular distance ranging, for example, from 
about 5 to 25 mils from the second side 134 of the bottom parallel planar surface 
130 of the mass 104. The first bond pad 148a is preferably located a 
perpendicular distance ranging from about 7 to 12 mils from the first side 132 of 
the bottom parallel planar surface 130 of the mass 104 in order to optimally 
10 minimize thermal stresses and located a perpendicular distance ranging from 
J about 7 to 12 mils from the second side 134 of the bottom parallel planar surface 

130 of the mass 104 in order to optimally minimize thermal stresses. 
* The second bond pad 148b is preferably located in the passive region 140 

S of the bottom parallel planar surface 130 of the mass 104. The second bond pad 
115 148b may be located a perpendicular distance ranging, for example, from about 
15 to 45 mils from the first side 132 of the bottom parallel planar surface 130 of 
the mass 104 and may be located a perpendicular distance ranging, for example, 
from about 5 to 25 mils from the second side 134 of the bottom parallel planar 
surface 130 of the mass 104. The second bond pad 148b is preferably located a 
20 perpendicular distance ranging from about 20 to 30 mils from the first side 132 
of the bottom parallel planar surface 130 of the mass 104 in order to optimally 
minimize thermal stresses and located a perpendicular distance ranging from 
about 7 to 12 mils from the second side 134 of the bottom parallel planar surface 
130 of the mass 104 in order to optimally minimize thermal stresses. 
25 Referring to Fig. 1G, in an alternate embodiment, there is a single bond 

pad 106b. The bond pad 106b may have an approximately oval cross-sectional 
shape. The bond pad 106b may have an approximate cross-sectional area ranging 
from about 4000 to 8750 square mils. In a preferred embodiment, the bond pad 
106b has an approximate cross-sectional area ranging from about 5625 to 7050 
30 square mils in order to optimally minimize thermal stresses. The height H 106 of 
the bond pad 106b may range, for example, from about 0.1 to 1 micron. In a 
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preferred embodiment, the height H 106 of the bond pad 106b range from about 
0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

Referring to Fig. 1H, in an alternate embodiment, there is a bond pad 106c 
and a bond pad 106d. The bond pads 106c and 106d are substantially equal in 
5 size, vertically proximate to each other, and have an approximately oval cross- 
sectional shape. The bond pads 106c and 106d may have an approximate total 
cross-sectional area ranging from about 4000 to 8750 square mils. In a preferred 
embodiment, the bond pads 106c and 106d have an approximate total cross- 
sectional area ranging from about 5625 to 7050 square mils in order to optimally 

10 mmimize thermal stresses. The height H 106 of the bond pads 106c and 106d may 
range, for example, from about 0.1 to 1 micron. In a preferred embodiment, the 
height H 106 of the bond pads 106c and 106d range from about 0.24 to 0.72 
microns in order to optimally minimize thermal stresses. 

Referring to Fig. 1J, in an alternate embodiment, there is a single bond 

15 pad 106e. The bond pad 106e has an approximately tri-oval cross-sectional 

shape. The bond pad 106e may have an approximate cross-sectional area ranging 
from about 4000 to 8750 square mils. In a preferred embodiment, the bond pad 
106e has an approximate total cross-sectional area ranging from about 5625 to 
7050 square mils in order to optimally provide minimize thermal stresses. The 

20 height H 106 of the bond pad 106e may range, for example, from about 0.1 to 1 
micron. In a preferred embodiment, the height H 106 of the bond pad 106e ranges 
from about 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

Referring to Fig. IK, in an alternate embodiment, there is a single bond 
pad 106f. The bond pad 106f may have an approximately oct-oval cross-sectional 

25 shape. The bond pad 106f may have an approximate cross-sectional area ranging 
from about 4000 to 8750 square mils. In a preferred embodiment, the bond pad 
106f has an approximate cross-sectional area ranging from about 5625 to 7050 
square mils in order to optimally minimize thermal stresses. The height H 106 of 
the bond pad 106f may range, for example, from about 0.1 to 1 micron. In a 

30 preferred embodiment, the height H 106 of the bond pad 106f ranges from about 
0.24 to 0.72 microns in order to optimally minimize thermal stresses. 
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Referring to Pig. 1L, in an alternate embodiment, there is a bond pad 106g 
and a bond pad 106h. The bond pads 106g and 106h are substantially equal in 
size, vertically proximate to each other, and have an approximately rectangular 
cross-sectional shape. The bond pads 106g and 106h may have an approximate 
5 total cross-sectional area ranging from about 4000 to 8750 square mils. In a 
preferred embodiment, the bond pads 106g and 106h have an approximate total 
cross-sectional area ranging from about 5625 to 7050 square mils in order to 
optimally minimize thermal stresses. The height H 106 of the bond pads 106g and 
106h may range, for example, from about 0.1 to 1 micron. In a preferred 

10 embodiment, the height H 106 of the bond pads 106 g and 106h range from about 
0.24 to 0.72 microns in order to optimally minimize thermal stresses. 
Jl Referring to Fig. 1M, in an alternate embodiment, there is a bond pad 

106i, a bond pad 106j, and a bond pad 106k. The bond pads 106i, 106j, and 106k 
are substantially equal in size, vertically proximate to each other, and have an 

15 approximately rectangular cross-sectional shape. The bond pads 106i, 106j, and 
■= -. 106k may have an approximate total cross-sectional area ranging from about 
;!! 4000 to 8750 square mils. In a preferred embodiment, the bond pads 106i, 106j, 
and 106k have an approximate total cross-sectional area ranging from about 
5625 to 7050 square mils in order to optimally minimize thermal stresses. The 

20 height H 106 of the bond pads 106i, 106j, and 106k may range, for example, from 
about 0.1 to 1 micron. In a preferred embodiment, the height H I06 of the bond 
pads 106i, 106j, and 106k range from about 0.24 to 0.72 microns in order to 
optimally minimize thermal stresses. 

Referring to Fig. IN in an alternate embodiment, there is a single bond 

25 pad 1061. The bond pad 1061 may have an approximately wavy sided rectangular 
cross-sectional shape. The bond pad 1061 may have an approximate cross- 
sectional area ranging from about 4000 to 8750 square mils. In a preferred 
embodiment, the bond pad 1061 has an approximate cross-sectional area ranging 
from about 5625 to 7050 square mils in order to optimally minimize thermal 

30 stresses. The height H 106 of the bond pad 1061 may range, for example, from 
about 0.1 to 1 micron. In a preferred embodiment, the height H 106 of the bond 
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pad 1061 ranges from about 0.24 to 0.72 microns in order to optimally minimize 
thermal stresses. 

Referring to Fig. IP, in an alternate embodiment, there is a bond pad 
106m and a bond pad 106n. The bond pads 106m and 106n are horizontally 
5 proximate to each other and have an approximately rectangular cross-sectional 
shape. The bond pad 106m is approximately smaller in size than the bond pad 
106n. The bond pads 106m and 106n may have an approximate total cross- 
sectional area ranging from about 4000 to 8750 square mils. In a preferred 
embodiment, the bond pads 106m and 106n have an approximate total cross- 
10 sectional area ranging from about 5625 to 7050 square mils in order to optimally 
minimize thermal stresses. The height H 106 of the bond pads 106m and 106n 
may range, for example, from about 0.1 to 1 micron. In a preferred embodiment, 
the height H 106 of the bond pads 106m and 106n range from about 0.24 to 0.72 
microns in order to optimally minimize thermal stresses. 
15 Referring to Fig. 1Q and 1R, in an alternate embodiment, there is a first 

resilient coupling 150a and a second resilient coupling 150b. In a preferred 
embodiment, the resilient couplings 150a and 150b are solder preforms 
preferably having an approximately rectangular cross-sectional shape. The 
resilient couplings 150a and 150b are vertically proximate to each other and 
20 substantially equal in size. The resilient couplings 150a and 150b may be any 
number of conventional commercially available solder preforms of the type, for 
example, eutectic or non-eutectic. In a preferred embodiment, the resilient 
couplings 150a and 150b are a eutectic type in order to optimally provide good 
yield strength with a reasonable melt temperature. The length L 150 of the 
25 resilient couplings 150a and 150b may range, for example, from about 90 to 120 
mils. In a preferred embodiment, the length L 150 of the resilient couplings 150a 
and 150b ranges from about 101 to 112 mils in order to optimally minimize 
thermal stresses. The width W 150 of the resilient couplings 150a and 150b may 
range, for example, from about 20 to 35 mils. In a preferred embodiment, the 
30 width W 150 of the resilient couplings 150a and 150b ranges from about 25 to 30 
mils in order to optimally minimize thermal stresses. The height H 150 of the 
resilient couplings 150a and 150b may range, for example, from about 2 to 4 mils. 
-18- 
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In a preferred embodiment, the height H 150 of the resilient couplings 150a and 
150b ranges from about 2.5 to 3 mils in order to optimally minimize thermal 
stresses. In a preferred embodiment, the resilient couplings 150a and 150b are 
coupled to the bottom surface 126 of the cavity 116 of the package 102 using 
5 conventional solder equipment and processes. 

The first resilient coupling 150a may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the first wall 118 of the cavity 
116 of the package 102 and may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the second wall 120 of the cavity 116 of 

10 the package 102. In a preferred embodiment, the first resilient coupling 150a is 
located a perpendicular distance ranging from about 7 to 12 mils from the first 
wall 118 of the cavity 116 of the package 102 in order to optimally minimize 
thermal stresses and located a distance ranging from about 7 to 12 mils from the 
second wall 120 of the cavity 116 of the package 102 in order to optimally 

15 minimize thermal stresses. 

The second resilient coupling 150b may be located a perpendicular 

\ distance ranging, for example, from about 5 to 25 mils from the first wall 118 of 
the cavity 116 of the package 102 and may be located a perpendicular distance 
ranging, for example, from about 105 to 145 mils from the second wall 120 of the 

20 cavity 116 of the package 102. In a preferred embodiment, the second resilient 
coupling 150b is located a perpendicular distance ranging from about 7 to 12 mils 
from the first wall 118 of the cavity 116 of the package 102 in order to optimally 
minimize thermal stresses and located a distance ranging from about 112 to 127 
mils from the second wall 120 of the cavity 116 of the package 102 in order to 

25 optimally minimize thermal stresses. 

In a preferred embodiment, the resilient couplings 150a and 150b further 
include one or more first bumpers 152 for shdingly supporting the mass 104. In 
a preferred embodiment, the first bumpers 152 are located on one side of the 
bond pads 106. In a preferred embodiment, the first bumpers 152 are proximate 

30 to the bond pads 106. The width W 152 of the first bumpers 152 may range, for 
example, from about 2 to 6 mils. In a preferred embodiment, the width W 152 of 
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the first bumpers 152 ranges from about 3 to 5 mils in order to optimally 
minimize thermal stresses. 

In a preferred embodiment, the resilient couplings 150a and 150b further 
include one or more second bumpers 154 for slidingly supporting the mass 104. 
5 In a preferred embodiment, the second bumpers 154 are located on another side 
of the bond pads 106 opposite the bumpers 152. In a preferred embodiment, the 
second bumpers 154 are proximate to the bond pads 106. The width W 154 of the 
second bumpers 154 may range, for example, from about 2 to 6 mils. In a 
preferred embodiment, the width W 152 of the second bumpers 154 range from 

10 about 3 to 5 mils in order to optimally minimize thermal stresses. 

Referring to Figs. IS through 1W, in an alternate embodiment, the system 
100 further includes one or more sliding supports llOe, HOf, llOg or HOh 
preferably slidingly supporting the mass 104. The number of sliding supports 
llOe, HOf, llOg or HOh preferably depends upon having a sufficient amount of 

15 sliding supports llOe, HOf, llOg or HOh in order to optimally slidingly support 
the mass 104. The sliding supports llOe, HOf, llOg or HOh are preferably 
coupled to the bottom surface 126 of the cavity 116 of the package 102. 

The sliding supports llOe may have an approximately square cross- 
sectional shape. The sh'ding supports HOf may have an approximately 

20 rectangular cross-sectional shape. The sliding supports llOg may have an 

approximately triangular cross-sectional shape. The sliding supports HOh may 
have an approximately circular cross-sectional shape. The shding supports llOe, 
HOf, llOg or HOh may have an approximate cross-sectional area ranging from 
about 400 to 1600 square mils, individually. In a preferred embodiment, the 

25 shding supports llOe, HOf, llOg or HOh have an approximate cross-sectional 
area ranging from about 625 to 1225 square mils, individually, in order to 
optimally minimize thermal stresses. The height H n0 of the sliding supports 
llOe, HOf, llOg or HOh may range, for example, from about 0.5 to 3 mils. In a 
preferred embodiment, the height H 110 of the sliding supports llOe, HOf, llOg or 

30 HOh ranges from about 1 to 1.5 mils in order to optimally minimize thermal 
stresses. 
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The sliding supports llOe, HOf, llOg or HOh may be, for example, 
tungsten or ceramic. In a preferred embodiment, the sliding supports llOe, llOf, 
llOg or HOh are tungsten in order to optimally provide a standard packaging 
procedure. In a preferred embodiment, the sliding supports llOe, llOf, llOg or 
5 HOh are coupled to the bottom surface 126 of the cavity 116 of the package 102 
using conventional means of integrating the sliding supports 110 into the 
package 102. 

In a preferred embodiment, there is a first sliding support llOea, a second 
sliding support llOeb, a third sliding support llOec, and a fourth sliding support 
10 llOed. In a preferred embodiment, the sliding supports llOea, llOeb, llOec, and 
llOed have an approximately square cross-sectional shape. The first sliding 
support llOea may be located a perpendicular distance ranging, for example, 
from about 45 to 75 mils from the first wall 118 of the cavity 116 of the package 
102 and may be located a perpendicular distance ranging, for example, from 
45 about 85 to 115 mils from the second wall 120 of the cavity 116 of the package 
3 102. In a preferred embodiment, the first sliding support llOea is located a 

perpendicular distance ranging from about 52 to 62 mils from the first wall 118 
m of the cavity 116 of the package 102 in order to optimally minimize thermal 
y stresses and located a perpendicular distance from about 90 to 105 mils from the 
20 second wall 120 of the cavity 116 of the package 102 in order to optimally 
minimize thermal stresses. 

The second sliding support llOeb may be located a perpendicular distance 
ranging, for example, from about 45 to 75 mils from the first wall 118 of the 
cavity 116 of the package 102 and may be located a perpendicular distance 
25 ranging, for example, from about 15 to 30 mils from the second wall 120 of the 
cavity 116 of the package 102. In a preferred embodiment, the second shding 
support llOeb is located a perpendicular distance ranging from about 52 to 62 
mils from the first wall 118 of the cavity 116 of the package 102 in order to 
optimally mmimize thermal stresses and located a perpendicular distance 
30 ranging from about 20 to 25 mils from the second wall 120 of the cavity 116 of 
the package 102 in order to optimally minimize thermal stresses. 
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The third sliding support HOec may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 118 of the 
cavity 116 of the package 102 and may be located a perpendicular distance 
ranging, for example, from about 15 to 30 mils from the second wall 120 of the 
5 cavity 116 of the package 102. In a preferred embodiment, the third sliding 
support HOec is located a perpendicular distance ranging from about 90 to 105 
mils from the first wall 118 of the cavity 116 of the package 102 in order to 
optimally minimize thermal stresses and located a perpendicular distance 
ranging from about 20 to 25 mils from the second wall 120 of the cavity 116 of 
10 the package 102 in order to optimally minimize thermal stresses. 

The fourth sliding support llOed may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 118 of the 
cavity 116 of the package 102 and may be located a perpendicular distance 
j ranging, for example, from about 85 to 115 mils from the second wall 120 of the 
I 15 cavity 116 of the package 102. In a preferred embodiment, the fourth shding 

support llOed is located a perpendicular distance ranging from about 90 to 105 
3: mils from the first wall 118 of the cavity 116 of the package 102 in order to 
optimally minimize thermal stresses and located a perpendicular distance 
ranging from about 90 to 105 mils from the second wall 120 of the cavity 116 of 
20 the package 102 in order to optimally minimize thermal stresses. 

In an alternate embodiment, the resilient couplings 108 may also 
electrically couple the mass 104 to the package 102. 

In an alternate embodiment, the resilient couplings 150a and 150b may 
also electrically couple the mass 104 to the package 102. 
25 Referring to Figs. 2A through 2E, an embodiment of a system 200 for 

resilientfy coupling a mass to a package preferably includes a package 202, a 
mass 204, one or more bond pads 206, one or more resilient couplings 208, and 
one or more electrical connections 212. 

The package 202 is preferably coupled to the resilient couplings 208 and 
30 the electrical connections 212. The package 202 may be, for example, a housing 
or a substrate. In a preferred embodiment, the package 202 is a housing in order 
to optimally provide a surface mount component. The package 202 preferably 
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includes a first parallel planar surface 214, a second parallel planar surface 216 
and a cavity 218. The cavity 218 preferably includes a first wall 220, a second 
wall 222, a third wall 224 and a fourth wall 226. The first wall 220 and the third 
wall 224 are preferably approximately parallel to each other and the second wall 
5 222 and the fourth wall 226 are preferably approximately parallel to each other. 
The second wall 222 and the fourth wall 226 are also preferably perpendicular to 
the first wall 220 and the third wall 224. The cavity 218 preferably includes a 
bottom surface 228. The package 202 may be any number of conventional 
commercially available housings of the type, for example, ceramic, metal or 

10 plastic. In a preferred embodiment, the package 202 is ceramic in order to 
optimally provide vacuum sealing of the mass 204 in the package 202. 

The mass 204 is preferably resiliency attached to the package 202 by the 
resilient couplings 208 and electrically coupled to the package 202 by the 
electrical connections 212. The mass 204 preferably has an approximately 

15 rectangular cross-sectional shape. The mass 204 preferably has a passive region 
250 on one end and an active region 256 at the opposite end. In a preferred 
embodiment, the mass 204 includes a first member 230, a second member 232, 
and a third member 234. The first member 230 is preferably on top of the second 
member 232 and the second member 232 is preferably on top of the third 

20 member 234. In a preferred embodiment, the first member 230, the second 
member 232, and the third member 234 are a micro machined sensor 
substantially as disclosed in copending U. S. Patent Application Serial No. 

, Attorney Docket No. 14737.737, filed on , the disclosure 

of which is incorporated herein by reference. The first member 230 preferably 

25 includes one or more parallel planar surfaces. In a preferred embodiment, the 
first member includes a top parallel planar surface 236. The second member 232 
preferably includes one or more parallel planar surfaces. In a preferred 
embodiment, the second member 232 includes a middle parallel planar surface 
238. The third member 234 preferably includes one or more parallel planar 

30 surfaces. In a preferred embodiment, the third member 234 includes a bottom 
parallel planar surface 240. The bottom parallel planar surface 240 of the mass 
204 preferably includes a first side 242, a second side 244, a third side 246, and a 
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fourth side 248. The first side 242 and the third side 246 are preferably 
approximately parallel to each other and the second side 244 and the fourth side 
248 are preferably approximately parallel to each other and preferably 
approximately perpendicular to the first side 242 and the third side 246. 
5 In a preferred embodiment, the bottom parallel planar surface 240 of the 

mass 204 includes the bond pads 206. In a preferred embodiment, the bond pads 
206 are located in the passive region 250 of the bottom parallel planar surface 
240 of the mass 204. The bond pads 206 may be located a perpendicular 
distance ranging, for example, from about 5 to 25 mils from the first side 242 of 

10 the bottom parallel planar surface 240 of the mass 204 and may be located a 
perpendicular distance ranging, for example, from about 5 to 25 mils from the 
second side 244 of the bottom parallel planar surface 240 of the mass 204. In a 
preferred embodiment, the bond pads 206 are located a perpendicular distance 
ranging from about 7 to 12 mils from the first side 242 of the bottom parallel 

15 planar surface 240 of the mass 204 in order to optimally minimize thermal 
stresses and located a perpendicular distance ranging from about 7 to 12 mils 
from the second side 244 of the bottom parallel planar surface 240 of the mass 
204 in order to optimally minimize thermal stresses. The bond pads 206 may be 
used for, for example, solder, glass frit, conductive epoxy, or non-conductive 

20 epoxy bonding. In a preferred embodiment, the bond pads 206 are used for 
solder bonding in order to optimally provide good manufacturability. In a 
preferred embodiment, the bond pads 206 contact area is maximized in order to 
optimize the shock tolerance of the mass 204. In a preferred embodiment, the 
bond pads 206 have minimal discontinuities in order to optimize the distribution 

25 of thermal stresses in the mass 204. In several alternate embodiments, there is a 
plurality of bond pads 206 in order to optimize the relief of thermal stresses in 
the mass 204. In a preferred embodiment, there is a single bond pad 206a. The 
bond pad 206a preferably has an approximately rectangular cross-sectional 
shape. The length L 206a of the bond pad 206a may range, for example, from 

30 about 180 to 240 mils. In a preferred embodiment, the length L 206a of the bond 
pad 206a ranges from about 200 to 220 mils in order to optimally minimize 
thermal stresses. The width W 206a of the bond pad 206a may range, for example, 
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from about 15 to 25 mils. In a preferred embodiment, the width W 206a of the 
bond pad 206a ranges from about 18 to 22 mils in order to optimally minimize 
thermal stresses. The height H 206a of the bond pad 206a may range, for example, 
from about 0.1 to 1 micron. In a preferred embodiment, the height H 206a of the 
5 bond pad 206a ranges from about 0.24 to 0.72 microns in order to optimally 
minimize thermal stresses. 

The resilient couplings 208 preferably resiliently attach the bond pads 206 
to the package 202. The resilient couplings 208 are preferably coupled to the 
bottom surface 228 of the cavity 218 of the package 202. In a preferred 

10 embodiment, the resilient couplings 208 are solder preforms. In a preferred 
embodiment, the resilient couplings 208 have an approximate cross-sectional 
rectangular shape. In a preferred embodiment, the resilient couplings 208 have 
minimal discontinuities in order to optimize the distribution of thermal stresses. 
In several alternate embodiments, there is a plurality of resilient couplings 208 

15 in order to optimize the relief of thermal stresses in the mass 204. The resilient 
couplings 208 may be any number of conventional commercially available solder 
preforms of the type, for example, eutectic or non-eutectic. In a preferred 
embodiment, the resilient couplings 208 are a eutectic type in order to optimally 
provide good yield strength with a reasonable melt temperature. The resilient 

20 couplings 208 may be located a perpendicular distance ranging, for example, from 
about 5 to 25 mils from the first wall 220 of the cavity 218 of the package 202 
and may be located a perpendicular distance ranging, for example, from about 5 
to 25 mils from the second wall 222 of the cavity 218 of the package 202. In a 
preferred embodiment, the resilient couplings 208 are located a perpendicular 

25 distance ranging from about 7 to 12 mils from the first wall 220 of the cavity 218 
of the package 202 in order to optimally minimize thermal stresses and located a 
distance ranging from about 7 to 12 mils from the second wall 222 of the cavity 
218 of the package 202 in order to optimally minimize thermal stresses. In a 
preferred embodiment, there is a single resilient coupling 208. The length L 208 of 

30 the resilient coupling 208 may range, for example, from about 200 to 250 mils. 
In a preferred embodiment, the length L 208 of the resilient coupling 208 ranges 
from about 225 to 235 mils in order to optimally minimize thermal stresses. The 
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width W 208 of the resilient coupling 208 may range, for example, from about 20 to 
35 mils. In a preferred embodiment, the width W 208 of the resilient coupling 208 
ranges from about 25 to 30 mils in order to optimally minimize thermal stresses. 
The height H 208 of the resilient coupling 208 may range, for example, from about 
5 2 to 4 mils. In a preferred embodiment, the height H 208 of the resilient coupling 
208 ranges from about 2.5 to 3 mils in order to optimally minimize thermal 
stresses. 

In a preferred embodiment, the resilient couplings 208 further include one 
or more first bumpers 252 and one or more second bumpers 254 for slidingly 

10 supporting the mass 204. In a preferred embodiment, the first bumpers 252 are 
located on one side of the bond pads 206 and the second bumpers 254 are located 
on another side of the bond pads 206. In a preferred embodiment, the first 
bumpers 252 and the second bumpers 254 are proximate to the bond pads 206. 
The width of the first bumpers 252 may range, for example, from about 2 to 

15 6 mils. In a preferred embodiment, the width W 252 of the first bumpers 252 
ranges from about 3 to 5 mils in order to optimally mmimize thermal stresses. 
The width W 254 of the second bumpers 254 may range, for example, from about 2 
to 6 mils. In a preferred embodiment, the width W 254 of the second bumpers 254 
ranges from about 3 to 5 mils in order to optimally minimize thermal stresses. 

20 In a preferred embodiment, the resilient couplings 208 are coupled to the bond 
pads 206 using conventional solder equipment and processes. In a preferred 
embodiment, the resilient couplings 208 are coupled to the bottom surface 228 of 
the cavity 218 of the package 202 using conventional solder equipment and 
processes. In a preferred embodiment, there is a single first bumper 252 and a 

25 single second bumper 254. 

The electrical connections 212 preferably electrically couple the mass 204 
to the package 202. In a preferred embodiment, the electrical connections 212 
are wire bonds. The electrical connections 212 may be any number of 
conventional commercially available wire bonds of the type, for example, gold or 

30 aluminum. In a preferred embodiment, the electrical connections 212 are gold in 
order to optimally provide compatibility with the package 202 and the mass 204 
metallization. In a preferred embodiment, there is a first electrical connection 
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212a and a second electrical connection 212b. The first electrical connection 
212a preferably electrically couples the first parallel planar surface 214 of the 
package 202 to the top parallel planar surface 236 of the mass 204. The second 
electrical connection 212b preferably electrically couples the second parallel 
5 planar surface 216 of the package 202 to the middle parallel planar surface 238 of 
the mass 204. In a preferred embodiment, the electrical connections 212 are 
coupled to the package 202 using conventional wire-bonding equipment and 
processes. In a preferred embodiment, the electrical connections 212 are coupled 
to the mass 204 using conventional wire-bonding equipment and processes. 
10 Referring to Fig. 2F, in an alternate embodiment, there is a bond pad 258a 

and a bond pad 258b that are substantially equal in size and horizontally 
proximate to each other. The bond pads 258a and 258b may be used for, for 
example, solder, glass frit, conductive epoxy, or non-conductive epoxy bonding. 
In a preferred embodiment, the bond pads 258a and 258b are used for solder 
- 15 bonding in order to optimally provide good manufacturability. The bond pads 
258a and 258b preferably have an approximately rectangular cross-sectional 
shape. The length L 258 of the bond pads 258a and 258b may range, for example, 
from about 180 to 240 mils. In a preferred embodiment, the length L 258 of the 
bond pads 258a and 258b range from about 200 to 220 mils in order to optimally 
20 minimize thermal stresses. The width W 258 of the bond pads 258a and 258b may 
range, for example, from about 10 to 20 mils. In a preferred embodiment, the 
width W 258 of the bond pads 258a and 258b range from about 13 to 18 mils in 
order to optimally minimize thermal stresses. The height H^s of the bond pads 
258a and 258b may range, for example, from about 0.1 to 1 mils. In a preferred 
25 embodiment, the height H 258 of the bond pads 258a and 258b range from about 
0.24 to 0.72 mils in order to optimally minimize thermal stresses. 

The first bond pad 258a is preferably located in the passive region 250 of 
the bottom parallel planar surface 240 of the mass 204. The first bond pad 258a 
may be located a perpendicular distance ranging, for example, from about 5 to 25 
30 mils from the first side 242 of the bottom parallel planar surface 240 of the mass 
204 and may be located a perpendicular distance ranging, for example, from 
about 5 to 25 mils from the second side 244 of the bottom parallel planar surface 
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240 of the mass 204. The first bond pad 258a is preferably located a 
perpendicular distance ranging from about 7 to 12 mils from the first side 242 of 
the bottom parallel planar surface 240 of the mass 204 in order to optimally 
minimize thermal stresses and located a perpendicular distance ranging from 
5 about 7 to 12 mils from the second side 244 of the bottom parallel planar surface 
240 of the mass 204 in order to optimally minimize thermal stresses. 

The second bond pad 258b is preferably located in the passive region 250 
of the bottom parallel planar surface 240 of the mass 204. The second bond pad 
258b may be located a perpendicular distance ranging, for example, from about 

10 15 to 45 mils from the first side 242 of the bottom parallel planar surface 240 of 
the mass 204 and may be located a perpendicular distance ranging, for example, 
from about 5 to 25 mils from the second side 244 of the bottom parallel planar 
surface 240 of the mass 204. The second bond pad 258b is preferably located a 
perpendicular distance ranging from about 20 to 30 mils from the first side 242 

15 of the bottom parallel planar surface 240 of the mass 204 in order to optimally 
minimize thermal stresses and located a perpendicular distance ranging from 
about 7 to 12 mils from the second side 244 of the bottom parallel planar surface 
240 of the mass 204 in order to optimally minimize thermal stresses. 

Referring to Fig. 2G, in an alternate embodiment, there is a single bond 

20 pad 206b. The bond pad 206b may have an approximately oval cross-sectional 
shape. The bond pad 206b may have an approximate cross-sectional area ranging 
from about 4000 to 8750 square mils. In a preferred embodiment, the bond pad 
206b has an approximate cross-sectional area ranging from about 5625 to 7050 
square mils in order to optimally minimize thermal stresses. The height H 206 of 

25 the bond pad 206b may range, for example, from about 0.1 to 1 micron. In a 
preferred embodiment, the height H 206 of the bond pad 206b ranges from about 
0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

Referring to Fig. 2H, in an alternate embodiment, there is a first bond pad 
206c and a second bond pad 206d. The bond pads 206c and 206d are 

30 substantially equal in size, vertically proximate to each other, and have an 
approximately oval cross-sectional shape. The bond pads 206c and 206d may 
have an approximate total cross-sectional area ranging from about 4000 to 8750 
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square mils. In a preferred embodiment, the bond pads 206c and 206d have an 
approximate total cross-sectional area ranging from about 5625 to 7050 square 
mils in order to optimally minimize thermal stresses. The height H 206 of the 
bond pads 206c and 206d may range, for example, from about 0.1 to 1 micron. In 
5 a preferred embodiment, the height H 206 of the bond pads 206c and 206d range 
from about 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

Referring to Fig. 2J, in an alternate embodiment, there is a single bond 
pad 206e. The bond pad 206e has an approximately tri-oval cross-sectional 
shape. The bond pad 206e may have approximate cross-sectional area ranging 
10 from about 4000 to 8750 square mils. In a preferred embodiment, the bond pad 
206e has an approximate cross-sectional area ranging from about 5625 to 7050 
square mils in order to optimally minimize thermal stresses. The height H 206 of 
the bond pad 206e may range, for example, from about 0.1 to 1 micron. In a 
preferred embodiment, the height H 206 of the bond pad 206e ranges from about 
. 15 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

Referring to Fig. 2K, in an alternate embodiment, there is a single bond 
pad 206f. The bond pad 206f has an approximately oct-oval cross-sectional 
shape. The bond pad 206f may have an approximate cross-sectional area ranging 
from about 4000 to 8750 square mils. In a preferred embodiment, the bond pad 
20 206f has an approximate cross-sectional area ranging from about 5625 to 7050 
square mils in order to optimally minimize thermal stresses. The height H 206 of 
the bond pad 206f may range, for example, from about 0.1 to 1 micron. In a 
preferred embodiment, the height H 206 of the bond pad 206f ranges from about 
0.24 to 0.72 microns in order to optimally minimize thermal stresses. 
25 Referring to Fig. 2L, in an alternate embodiment, there is a bond pad 206g 

and a bond pad 206h. The bond pads 206g and 206h are substantially equal in 
size, vertically proximate to each other, and have an approximately rectangular 
cross-sectional shape. The bond pads 206g and 206h may have an approximate 
total cross-sectional area ranging from about 4000 to 8750 square mils. In a 
30 preferred embodiment, the bond pads 206g and 206h have an approximate total 
cross-sectional area ranging from about 5625 to 7050 square mils in order to 
optimally provide minimize thermal stresses. The height H 206 of the bond pads 
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206g and 206h may range, for example, from about 0.1 to 1 micron. In a 
preferred embodiment, the height H 206 of the bond pads 206g and 206h ranges 
from about 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 
Referring to Fig. 2M, in an alternate embodiment, there is a bond pad 
5 206i, a bond pad 206j, and a bond pad 206k. The bond pads 206i, 206j, and 206k 
are substantially equal in size, vertically proximate to each other, and have an 
approximately rectangular cross-sectional shape. The bond pads 206i, 206j, and 
206k may have an approximate total cross-sectional area ranging from about 
4000 to 8750 square mils. In a preferred embodiment, the bond pads 206i, 206j, 
10 and 206k have an approximate total cross-sectional area ranging from about 
5625 to 7050 square mils in order to optimally minimize thermal stresses. The 
height H 206 of the bond pads 206i, 206j, and 206k may range, for example, from 
about 0.1 to 1 micron. In a preferred embodiment, the height H 206 of the bond 
pads 206i, 206j, and 206k range from about 0.24 to 0.72 microns in order to 
15 optimally minimize thermal stresses. 

Referring to Fig. 2N in an alternate embodiment, there is a single bond 
pad 2061. The bond pad 2061 may have an approximately wavy sided rectangular 
cross-sectional shape. The bond pad 2061 may have an approximate cross- 
sectional area ranging from about 4000 to 8750 square mils. In a preferred 
20 embodiment, the bond pad 2061 has an approximate cross-sectional area ranging 
from about 5625 to 7050 square mils in order to optimally nunimize thermal 
stresses. The height H 206 of the bond pad 2061 may range, for example, from 
about 0.1 to 1 microns. In a preferred embodiment, the height H 206 of the bond 
pad 2061 ranges from about 0.24 to 0.72 microns in order to optimally minimize 
25 thermal stresses. 

Referring to Fig. 2P, in an alternate embodiment, there is a bond pad 
206m and a bond pad 206n. The bond pads 206m and 206n are horizontally 
proximate to each other and have an approximately rectangular cross-sectional 
shape. The bond pad 206m is approximately smaller in size than the bond pad 
30 206n. The bond pads 206m and 206n may have an approximate total cross- 
sectional area ranging from about 4000 to 8750 square mils. In a preferred 
embodiment, the bond pads 206m and 206n have an approximate total cross- 
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sectional area ranging from about 5625 to 7050 square mils in order to optimally 
minimize thermal stresses. The height H 206 of the bond pads 206m and 206n 
may range, for example, from about 0.1 to 1 micron. In a preferred embodiment, 
the height H 206 of the bond pads 206m and 206n range from about 0.24 to 0.72 
5 microns in order to optimally minimize thermal stresses. 

Referring to Fig. 2Q and 2R, in an alternate embodiment, there is a first 
resilient coupling 260a and a second resilient coupling 260b. In a preferred 
embodiment, the resilient couplings 260a and 260b are solder preforms 
preferably having an approximately rectangular cross-sectional shape. The 

10 resilient couplings 260a and 260b are vertically proximate to each other and 
substantially equal in size. The resilient couplings 260a and 260b may be any 
number of conventional commercially available solder preforms of the type, for 
example, eutectic or non-eutectic. In a preferred embodiment, the resilient 
couplings 260a and 260b are a eutectic type in order to optimally provide good 

15 yield strength with a reasonable melt temperature. The length L 260 of the 

resilient couplings 260a and 260b may range, for example, from about 90 to 120 
mils. In a preferred embodiment, the length L 260 of the resilient couplings 260a 
and 260b ranges from about 101 to 112 mils in order to optimally minimize 
thermal stresses. The width W 260 of the resilient couplings 260a and 260b may 

20 range, for example, from about 20 to 35 mils. In a preferred embodiment, the 
width W 260 of the resilient couplings 260a and 260b ranges from about 25 to 30 
mils in order to optimally minimize thermal stresses. The height H 26 o °f the 
resilient couplings 260a and 260b may range, for example, from about 2 to 4 mils. 
In a preferred embodiment, the height H 260 of the resilient couplings 260a and 

25 260b ranges from about 2.5 to 3 mils in order to optimally minimize thermal 
stresses. In a preferred embodiment, the resilient couplings 260a and 260b are 
coupled to the bottom surface 228 of the cavity 218 of the package 202 using 
conventional solder equipment and processes. In a preferred embodiment, the 
resilient couplings 260a and 260b are coupled to the bond pads 206 using 

30 conventional solder equipment and processes. 

The first resilient coupling 260a may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the first wall 220 of the cavity 
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218 of the package 202 and may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the second wall 222 of the cavity 218 of 
the package 202. In a preferred embodiment, the first resilient coupling 260a is 
located a perpendicular distance ranging from about 7 to 12 mils from the first 
5 wall 220 of the cavity 218 of the package 202 in order to optimally minimize 
thermal stresses and located a distance ranging from about 7 to 12 mils from the 
second wall 222 of the cavity 218 of the package 202 in order to optimally 
minimize thermal stresses. 

The second resilient coupling 260b may be located a perpendicular 
10 distance ranging, for example, from about 5 to 25 mils from the first wall 220 of 
the cavity 218 of the package 202 and may be located a perpendicular distance 
ranging, for example, from about 105 to 145 mils from the second wall 222 of the 
cavity 218 of the package 202. In a preferred embodiment, the second resilient 
coupling 260b is located a perpendicular distance ranging from about 7 to 12 mils 
15 from the first wall 228 of the cavity 218 of the package 202 in order to optimally 
minimize thermal stresses and located a distance ranging from about 112 to 127 
mils from the second wall 222 of the cavity 218 of the package 202 in order to 
optimally minimize thermal stresses. 

In a preferred embodiment, the resilient couplings 260a and 260b further 
20 include one or more first bumpers 262 for slidingly supporting the mass 204. In 
a preferred embodiment, the first bumpers 262 are located on one side of the 
bond pads 206. In a preferred embodiment, the first bumpers 262 are proximate 
to the bond pads 206. The width W 262 of the first bumpers 262 may range, for 
example, from about 2 to 6 mils. In a preferred embodiment, the width W 262 of 
25 the first bumpers 262 range from about 3 to 5 mils in order to optimally 

minimize thermal stresses. In a preferred embodiment, there is a single first 
bumper 262. 

In a preferred embodiment, the resilient couplings 260a and 260b further 
include one or more second bumpers 264 for slidingly supporting the mass 204. 
30 In a preferred embodiment, the second bumpers 264 are located on another side 
of the bond pads 206 opposite the first bumpers 262. In a preferred embodiment, 
the second bumpers 264 are proximate to the bond pads 206. The width W 264 of 
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the second bumpers 264 may range, for example, from about 2 to 6 mils. In a 
preferred embodiment, the width W 264 of the second bumpers 264 range from 
about 3 to 5 mils in order to optimally minimize thermal stresses. In a preferred 
embodiment, there is a single second bumper 264. 
5 Referring to Figs. 2S through 2W, in an alternate embodiment, the system 

200 further includes one or more sliding supports 210e, 210f, 210g, or 210h. The 
sliding supports 210e, 210f, 210g, or 210h preferably slidingly support the mass 
204. The number of sliding supports 210e, 210f, 210g, or 210h preferably 
depends upon having a sufficient amount of sliding supports in order to optimally 

10 slidingly support the mass 204. The sliding supports 210e, 210f, 210g, or 210h 
are preferably coupled to the bottom surface 228 of the cavity 218 of the package 
202. The sliding supports 210e may have an approximately square cross 
sectional shape. The sliding supports 210f may have an approximately 
rectangular cross-sectional shape. The sliding supports 210g may have an 

15 approximately triangular croo-sectional shape. The sliding supports 210h may 
have an approximately circular shape. The sliding supports 210e, 210f, 210g, or 
210h may, for example, be tungsten or ceramic. In a preferred embodiment, the 
sliding supports 210e, 210f, 210g, or 210h are tungsten in order to optimally 
provide a standard packaging process. In a preferred embodiment, the sliding 

20 supports 210e, 210f, 210g, or 210h are coupled to the bottom surface 228 of the 
cavity 218 of the package 202 using conventional means of integrating the shding 
supports 210e, 210f, 210g, or 210h into the package 202. 

The sliding supports 210e, 210f, 210g, or 210h may have an approximate 
cross-sectional area ranging from about 400 to 1600 square mils, individually. In 

25 a preferred embodiment, the sliding supports 210e, 210f, 210g, or 210h have an 
approximate cross-sectional area ranging from about 625 to 1225 square mils, 
individually, in order to optimally minimize thermal stresses. The height H 210 of 
the sliding supports 210e, 210f, 210g, or 210h may range, for example, from 
about 0.5 to 3 mils. In a preferred embodiment, the height H 210 of the sliding 

30 supports 210e, 210f, 210g, or 210h ranges from about 1 to 1.5 mils in order to 
optimally minimize thermal stresses. 
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In a preferred embodiment, there is a first sliding support 210ea, a second 
sliding support 210eb, a third sliding support 210ec, and a fourth sliding support 
210ed. The first sliding support 210ea may be located a perpendicular distance 
ranging, for example, from about 45 to 75 mils from the first wall 220 of the 
5 cavity 218 of the package 202 and may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the second wall 222 of the 
cavity 218 of the package 202. In a preferred embodiment, the first sliding 
support 210ea is located a perpendicular distance ranging from about 52 to 62 
mils from the first wall 220 of the cavity 218 of the package 202 in order to 

10 optimally minimize thermal stresses and located a perpendicular distance from 
about 90 to 105 mils from the second wall 222 of the cavity 218 of the package 
202 in order to optimally mmimize thermal stresses. 

The second sliding support 210eb may be located a perpendicular distance 
ranging, for example, from about 45 to 75 mils from the first wall 220 of the 

L5 cavity 218 of the package 202 and may be located a perpendicular distance 
ranging, for example, from about 15 to 30 mils from the second wall 222 of the 
cavity 218 of the package 202. In a preferred embodiment, the second sliding 
support 210eb is located a perpendicular distance ranging from about 52 to 62 
mils from the first wall 220 of the cavity 218 of the package 202 in order to 

20 optimally mmimize thermal stresses and located a perpendicular distance 

ranging from about 20 to 25 mils from the second wall 222 of the cavity 218 of 
the package 202 in order to optimally mmimize thermal stresses. 

The third sliding support 210ec may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 220 of the 

25 cavity 218 of the package 202 and may be located a perpendicular distance 
ranging, for example, from about 15 to 30 mils from the second wall 222 of the 
cavity 218 of the package 202. In a preferred embodiment, the third sliding 
support 210ec is located a perpendicular distance ranging from about 90 to 105 
mils from the first wall 220 of the cavity 218 of the package 202 in order to 

30 optimally minimize thermal stresses and located a perpendicular distance 

ranging from about 20 to 25 mils from the second wall 222 of the cavity 218 of 
the package 202 in order to optimally minimize thermal stresses. 
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The fourth sliding support 210ed may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 220 of the 
cavity 218 of the package 202 and may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the second wall 222 of the 
5 cavity 218 of the package 202. In a preferred embodiment, the fourth sliding 
support 210ed is located a perpendicular distance ranging from about 90 to 105 
mils from the first wall 220 of the cavity 218 of the package 202 in order to 
optimally minimize thermal stresses and located a perpendicular distance 
ranging from about 90 to 105 mils from the second wall 222 of the cavity 218 of 
10 the package 202 in order to optimally minimize thermal stresses. 

In an alternate embodiment, the resilient couplings 208 may also 
electrically couple the mass 204 to the package 202. 

In an alternate embodiment, the resilient couplings 260a and 260b may 
also electrically couple the mass 204 to the package 202. 
-15 Referring to Figs. 3A through 3E, an embodiment of a system 300 for 

resiliency coupling a mass to a package preferably includes a package 302, a 
mass 304, one or more bond pads 306, one or more resilient couplings 308, and 
one or more electrical connections 310. 

The package 302 is coupled to the resilient couplings 308 and the electrical 
20 connections 310. The package 302 may be, for example, a housing or a substrate. 
In a preferred embodiment, the package 302 is a housing in order to optimally 
provide a surface mount component. The package 302 preferably includes a top 
parallel planar surface 312 and a cavity 314. The cavity 314 preferably includes a 
first wall 316, a second wall 318, a third wall 320 and a fourth wall 322. The first 
25 wall 316 and the third wall 320 are preferably approximately parallel to each 
other and the second wall 318 and the fourth wall 322 are preferably 
approximately parallel to each other. The second wall 318 and the fourth 322 
wall are also preferably perpendicular to the first wall 316 and the third wall 320. 
The cavity 314 preferably includes a bottom surface 324. The package 302 may 
30 be any number of conventional commercially available housings of the type, for 
example, ceramic, metal or plastic. In a preferred embodiment, the package 302 
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is ceramic in order to optimally provide vacuum sealing of the mass 304 within 
the package 302. 

The mass 304 is preferably resiliency attached to the package 302 by the 
resilient couplings 308 and electrically coupled to the package 302 by the 
5 electrical connections 310. The mass 304 preferably has an approximately 
rectangular cross-sectional shape. The mass 304 preferably includes all active 
regions. In a preferred embodiment, the mass 304 is a micro machined sensor 
substantially as disclosed in copending U. S. Patent Application Serial No. 
, Attorney Docket No. 14737.737, filed on , the disclosure 

10 of which is incorporated herein by reference. 

In a preferred embodiment, the mass 304 includes a top parallel planar 
surface 338 and a bottom parallel planar surface 340. The bottom parallel planar 
surface 340 of the mass 304 preferably includes a first side 342, a second side 
344, a third side 346, and a fourth side 348. The first side 342 and the third side 

15 346 are preferably approximately parallel to each other and the second side 344 
and the fourth side 348 are preferably approximately parallel to each other and 
preferably approximately perpendicular to the first side 342 and the third side 
346. 

In a preferred embodiment, the bottom parallel planar surface 340 of the 
20 mass 304 includes the bond pads 306. In a preferred embodiment, the bond pads 
306 are located substantially in the center of the bottom parallel planar surface 
340 of the mass 304. The bond pads 306 may be located a perpendicular 
distance ranging, for example, from about 80 to 100 mils from the first side 342 
of the bottom parallel planar surface 340 of the mass 304 and may be located a 
25 perpendicular distance ranging, for example, from about 80 to 100 mils from the 
second side 344 of the bottom parallel planar surface 340 of the mass 304. In a 
preferred embodiment, the bond pads 306 are located a perpendicular distance 
ranging from about 85 to 95 mils from the first side 342 of the bottom parallel 
planar surface 340 of the mass 304 in order to optimally minimize thermal 
30 stresses and located a perpendicular distance ranging from about 85 to 95 mils 
from the second side 344 of the bottom parallel planar surface 340 of the mass 
304 in order to optimally minimize thermal stresses. The bond pads 306 may be, 
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for example, used for solder, glass frit, conductive epoxy, or non-conductive epoxy 
bonding. In a preferred embodiment, the bond pads 306 are used for solder 
bonding in order to optimally provide good manufacturability. In a preferred 
embodiment, the bond pads 306 contact area is maximized in order to optimize 
5 the shock tolerance of the mass 304. In a preferred embodiment, the bond pads 
306 have minimal discontinuities in order to optimize the distribution of thermal 
stresses in the mass 304. In several alternate embodiments, there is a plurality 
of bond pads 306 in order to optimize the relief of thermal stresses in the mass 
304. In a preferred embodiment, there is a single bond pad 306a. The bond pad 

10 306a preferably has an approximately circular cross-sectional shape. The 

diameter D 306a of the bond pad 306a may range, for example, from about 50 to 
100 mils. In a preferred embodiment, the diameter D 306a of the bond pad 306a 
ranges from about 70 to 80 mils in order to optimally minimize thermal stresses. 
The height H 306 of the bond pad 306 may range, for example, from about 0.1 to 1 

15 micron. In a preferred embodiment, the height H 306 of the bond pad 306 ranges 
from about 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

The resilient couplings 308 preferably resiliently attach the bond pads 306 
to the package 302. The resilient couplings 308 are preferably coupled to the 
bottom surface 324 of the cavity 314. In a preferred embodiment, the resilient 

20 couplings 308 are solder preforms. In a preferred embodiment, the resilient 
couplings 308 have an approximate cross-sectional circular shape. In a preferred 
embodiment, the resilient couplings 308 have minimal discontinuities in order to 
optimize the distribution of thermal stresses. In several alternate embodiments, 
there is a plurality of resilient couplings 308 in order to optimize the relief of 

25 thermal stresses in the mass 304. The resilient couplings 308 may be any 

number of conventional commercially available solder preforms of the type, for 
example, eutectic or non-eutectic. In a preferred embodiment, the resilient 
couplings 308 are a eutectic type in order to optimally provide good yield 
strength with a reasonable melt temperature. The resilient couplings 308 may 

30 be located a perpendicular distance ranging, for example, from about 80 to 100 
mils from the first wall 316 of the cavity 314 of the package 302 and may be 
located a perpendicular distance ranging, for example, from about 80 to 100 mils 
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from the second wall 318 of the cavity 314 of the package 302. In a preferred 
embodiment, the resilient couplings 308 are located a perpendicular distance 
ranging from about 85 to 95 mils from the first wall 316 of the cavity 314 of the 
package 302 in order to optimally minimize thermal stresses and located a 
5 distance ranging from about 85 to 95 mils from the second wall 318 of the cavity 
314 of the package 302 in order to optimally minimize thermal stresses. In a 
more preferred embodiment, there is a single resilient coupling 308. The 
diameter D 308 of the resilient coupling 308 may range, for example, from about 50 
to 100 mils. In a preferred embodiment, the diameter D 308 of the resilient 

10 coupling 308 ranges from about 70 to 80 mils in order to optimally minimize 
thermal stresses. The height H 308 of the resilient coupling 308 may range, for 
example, from about 2 to 4 mils. In a preferred embodiment, the height H 308 of 
the resilient coupling 308 ranges from about 2.5 to 3 mils in order to optimally 
minimize thermal stresses. 

15 In a preferred embodiment, the resilient coupling 308 further includes one 

or more bumpers 350 for slidingly supporting the mass 304. In a preferred 
embodiment, there is a single bumper 350. In a preferred embodiment, the 
bumper 350 has an approximately annular cross-sectional shape. In a preferred 
embodiment, the bumper 350 surrounds the bond pads 306. In a preferred 

20 embodiment, the bumper 350 is proximate to the bond pads 306. The width W 350 
of the bumper 350 may range, for example, from about 2 to 6 mils. In a preferred 
embodiment, the width W 350 of the bumper 350 ranges from about 3 to 5 mils in 
order to optimally minimize thermal stresses. In a preferred embodiment, the 
resilient couplings 308 are coupled to the bond pad 306 using conventional solder 

25 equipment and processes. In a preferred embodiment, the resilient couplings 308 
are coupled to the bottom surface 324 of the cavity 314 of the package 302 using 
conventional solder equipment and processes. 

The electrical connections 310 preferably electrically couple the mass 304 
to the package 302. In a preferred embodiment, there is a single electrical 

30 connection 310. The electrical connection 310 preferably electrically couples the 
top parallel planar surface 312 of the package 302 to the top parallel planar 
surface 338 of the mass 304. In a preferred embodiment, the electrical 
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connection 310 is a wire bond. The electrical connection 310 may be any 
number of conventional commercially available wire bonds of the type, for 
example, gold or aluminum. In a preferred embodiment, the electrical 
connection 310 is gold in order to optimally provide compatibility with the 
5 package 302 and the mass 304 metallization. In a preferred embodiment, the 
electrical connection 310 is coupled to the package 302 using conventional wire- 
bonding equipment and processes. In a preferred embodiment, the electrical 
connection 310 is coupled to the mass 304 using conventional wire-bonding 
equipment and processes. 

10 Referring to Fig. 3F, in an alternate embodiment, the bottom surface 324 

of the package 302 further includes a recess 326 for receiving the resilient 

--f coupling 308. The recess 326 may be circular or square in shape. The recess 326 
preferably includes a first wall 328, a second wall 330, a third wall 332 and a 
fourth wall 334. The first wall 328 and the third wall 332 are preferably 

15 approximately parallel to each other and the second wall 330 and the fourth wall 
334 are preferably approximately parallel to each other. The second wall 330 and 
the fourth wall 334 are also preferably perpendicular to the first wall 328 and the 
third wall 332. The recess 326 preferably includes a bottom surface 336. The 
length L 326 of the recess 326 may range, for example, from about 110 to 130 mils. 

20 In a preferred embodiment the length L 826 of the recess 326 ranges from about 
115 to 125 mils in order to optimally minimize thermal stresses. The width W 826 
of the recess 326 may range, for example, from about 110 to 130 mils. In a 
preferred embodiment the width W 326 of the recess 326 ranges from about 115 to 
125 mils in order to optimally minimize thermal stresses. The height H 326 of the 

25 recess 326 may range, for example, from about 1 to 2 mils. In a preferred 
embodiment the height H 326 of the recess 326 ranges from about 1.25 to 1.75 
mils in order to optimally minimize thermal stresses. In a preferred 
embodiment, the recess 326 is located substantially in the center of the bottom 
surface 324 of the package 302. The first wall 328 of the recess 326 may be 

30 located a perpendicular distance ranging, for example, from 80 to 100 mils from 
the first wall 316 of the cavity 314. In a preferred embodiment, the first wall 328 
of the recess 326 is located a perpendicular distance ranging from 85 to 95 mils 
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from the first wall 316 of the cavity 314 in order to optimally minimize thermal 
stresses. The second wall 330 of the recess 326 may be located a perpendicular 
distance ranging, for example, from 80 to 100 mils from the second wall 318 of 
the cavity 314. In a preferred embodiment, the second wall 330 of the recess 326 
5 is located a perpendicular distance ranging from 85 to 95 mils from the second 
wall 318 of the cavity 314 in order to optimally minimize thermal stresses. 

In a preferred embodiment, the resilient coupling 308 is located in the 
recess 326. The resilient coupling 308 may be located a perpendicular distance 
ranging, for example, from about 2 to 7 mils from the first wall 328 of the recess 

10 326 of the cavity 314 of the package 302 and may be located a perpendicular 

distance ranging, for example, from about 2 to 7 mils from the second wall 330 of 
the recess 326 of the cavity 314 of the package 302. In a preferred embodiment, 
the resilient coupling 308 is located a perpendicular distance ranging from about 
3 to 5 mils from the first wall 328 of the recess 326 of the cavity 314 of the 

"15 package 302 in order to optimally mmimize thermal stresses and located a 
distance ranging from about 3 to 5 mils from the second wall 330 of the recess 
326 of the cavity 314 of the package 302 in order to optimally minimize thermal 
stresses. In a preferred embodiment, the resilient coupling 308 is coupled to the 
bottom surface 324 of the recess 326 using conventional solder equipment and 

20 processes. 

Referring to Fig. 3G, in an alternate embodiment, there is a first bond pad 
360a and a second bond pad 360b that are substantially equal in size and 
vertically proximate to each other. The bond pads 360a and 360b may be used 
for, for example, solder, glass frit, conductive epoxy, or non-conductive epoxy 

25 bonding. In a preferred embodiment, the bond pads 360a and 360b are used for 
solder bonding in order to optimally provide good manufacturability. The bond 
pads 360a and 360b preferably have an approximately circular cross-sectional 
shape. The total diameter D 360 of the bond pads 360a and 360b may range, for 
example, from about 50 to 100 mils. In a preferred embodiment, the total 

30 diameter D 360 of the bond pads 360a and 360b ranges from about 70 to 80 mils in 
order to optimally minimize thermal stresses. The height H 360 of the bond pads 
360a and 360b may range, for example, from about 0.1 to 1 micron. In a 
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preferred embodiment, the height H 360 of the bond pads 360a and 360b ranges 
from about 0.24 to 0.72 microns in order to optimally niinimize thermal stresses. 

The first bond pad 360a is preferably located substantially in the center of 
the bottom parallel planar surface 340 of the mass 304. The first bond pad 360a 
5 may be located a perpendicular distance ranging, for example, from about 80 to 
100 mils from the first side 342 of the bottom parallel planar surface 340 of the 
mass 304 and may be located a perpendicular distance ranging, for example, from 
about 40 to 50 mils from the second side 344 of the bottom parallel planar 
surface 340 of the mass 304. The first bond pad 360a is preferably located a 

10 perpendicular distance ranging from about 85 to 95 mils from the first side 342 
of the bottom parallel planar surface 340 of the mass 304 in order to optimally 
minimize thermal stresses and located a perpendicular distance ranging from 
about 43 to 47 mils from the second side 344 of the bottom parallel planar 
surface 340 of the mass 304 in order to optimally minimize thermal stresses. 

15 The second bond pad 360b is preferably located substantially in the center 

of the bottom parallel planar surface 340 of the mass 304. The second bond pad 
360b may be located a perpendicular distance ranging, for example, from about 
80 to 100 mils from the first side 342 of the bottom parallel planar surface 340 of 
the mass 304 and may be located a perpendicular distance ranging, for example, 

20 from about 135 to 165 mils from the second side 344 of the bottom parallel 
planar surface 340 of the mass 304. The second bond pad 360b is preferably 
located a perpendicular distance ranging from about85 to 95 mils from the first 
side 342 of the bottom parallel planar surface 340 of the mass 304 in order to 
optimally minimize thermal stresses and located a perpendicular distance 

25 ranging from about 143 to 157 mils from the second side 344 of the bottom 
parallel planar surface 340 of the mass 304 in order to optimally minimize 
thermal stresses. 

Referring to Fig. 3H, in an alternate embodiment, there is a bond pad 
306b. The bond pad 306b may have an approximately oct-pie-wedge cross- 
30 sectional shape. The overall diameter D 306b of the bond pad 306b may range, for 
example, from about 50 to 100 mils. In a preferred embodiment, the overall 
diameter D 306b of the bond pad 306b ranges from about 70 to 80 mils in order to 
-41- 



WO 00/56132 PCT/US00/06832 

optimally minimize thermal stresses. The height H 306 of the bond pad 306b may 
range, for example, from about 0.1 to 1 micron. In a preferred embodiment, the 
height H 306 of the bond pad 306b ranges from about 0.24 to 0.72 microns in order 
to optimally minimize thermal stresses. 
5 Referring to Fig. 3J, in an alternate embodiment, there is bond pad 306c. 

The bond pad 306c may have an approximately hollow oct-pie- wedge cross- 
sectional shape. The overall diameter of the bond pad 306c may range, for 
example, from about 50 to 100 mils. In a preferred embodiment, the overall 
diameter D 306c of the bond pad 306c ranges from about 70 to 80 mils in order to 

10 optimally minimize thermal stresses. The height H 306 of the bond pad 306c may 
range, for example, from about 0.1 to 1 micron. In a preferred embodiment, the 
height H 306 of the bond pad 306c ranges from about 0.24 to 0.72 microns in order 
to optimally minimize thermal stresses. 

Referring to Fig. 3K, in an alternate embodiment, there is a bond pad 

15 306d. The bond pad 306d has an approximately nine-circular cross-sectional 
shape. The overall diameter D 306d of the bond pad 306d may range, for example, 
from about 50 to 100 mils. In a preferred embodiment, the overall diameter D 306d 
of the bond pad 306d ranges from about 70 to 80 mils in order to optimally 
minimize thermal stresses. The height H 306 of the bond pad 306d may range, for 

20 example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 306 
of the bond pad 306d ranges from about 0.24 to 0.72 microns in order to 
optimally minimize thermal stresses. 

Referring to Fig. 3L, in an alternate embodiment, there is a single bond 
pad 306e. The bond pad 306e has an approximately starburst cross-sectional 

25 shape. The overall diameter D 306e of the bond pad 306e may range, for example, 
from about 50 to 100 mils. In a preferred embodiment, the overall diameter D 306e 
of the bond pad 306e ranges from about 70 to 80 mils in order to optimally 
minimize thermal stresses. The height H 306 of the bond pad 306e may range, for 
example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 306 

30 of the bond pad 306e ranges from about 0.24 to 0.72 microns in order to 
optimally minimize thermal stresses. 
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Referring to Fig. 3M, in an alternate embodiment, there is a single bond 
pad 306f. The bond pad 306f has an approximately sunburst cross-sectional 
shape. The overall diameter D 306f of the bond pad 306f may range, for example, 
from about 50 to 100 mils. In a preferred embodiment, the overall diameter D 306f 
5 of the bond pad 306f ranges from about 70 to 80 mils in order to optimally 
minimize thermal stresses. The height H S06 of the bond pad 306f may range, for 
example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 306 
of the bond pad 306f ranges from about 0.24 to 0.72 microns in order to optimally 
minimize thermal stresses. 

10 Referring to Fig. 3R and 3S, in an alternate embodiment, there is a first 

resilient coupling 362a and a second resilient coupling 362b. In a preferred 
embodiment, the resilient couplings 362a and 362b are solder preforms 
preferably having an approximately circular cross-sectional shape. The resilient 
couplings 362a and 362b are vertically proximate to each other and substantially 

15 equal in size. The resilient couplings 362a and 362b may be any number of 
conventional commercially available solder preforms of the type, for example, 
eutectic or non-eutectic. In a preferred embodiment, the resilient couplings 362a 
and 362b are a eutectic type in order to optimally provide good yield strength 
with a reasonable melt temperature. The total diameter D S62 of the resilient 

20 couplings 362a and 362b may range, for example, from about 50 to 100 mils. In a 
preferred embodiment, the overall diameter D 362 of the resilient couplings 362a 
and 362b ranges from about 70 to 80 mils in order to optimally minimize 
thermal stresses. The height H 362 of the resilient couplings 362a and 362b may 
range, for example, from about 2 to 4 mils. In a preferred embodiment, the 

25 height H 362 of the resilient couplings 362a and 362b ranges from about 2.5 to 3 
mils in order to optimally minimize thermal stresses. In a preferred 
embodiment, the resilient couplings 362a and 362b are coupled to the bottom 
surface 324 of the cavity 314 the package 302 using conventional solder 
equipment and processes. In a preferred embodiment, the resilient couplings 

30 362a and 362b are coupled to the bond pads 306 using conventional solder 
equipment and processes. 
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The first resilient coupling 362a may be located a perpendicular distance 
ranging, for example, from about 80 to 100 mils from the first wall 316 the cavity 
314 of the package 302 and may be located a perpendicular distance ranging, for 
example, from about 40 to 50 from the second wall 318 of the cavity 314 of the 
5 package 302. In a preferred embodiment, the first resilient coupling 362a is 
located a perpendicular distance ranging from about 85 to 95 mils from the first 
wall 316 of the cavity 314 of the package 302 in order to optimally minimize 
thermal stresses and located a distance ranging from about 43 to 47 mils from 
the second wall 318 of the cavity 314 of the package 302 in order to optimally 

10 minimize thermal stresses. 

The first resilient coupling 362a further includes one or more bumpers 
364 for slidingly supporting the mass 304. In a preferred embodiment, there is a 
single bumper 364. In a preferred embodiment, the bumper 364 has an 
approximately annular cross-sectional shape. In a preferred embodiment, the 

15 bumper 364 is proximate to the bond pads 306. The width W 364 of the bumper 
364 may range, for example, from about 2 to 6 mils. In a preferred embodiment, 
the width W 364 of the bumper 364 ranges from about 3 to 5 mils in order to 
optimally minimize thermal stresses. 

The second resilient coupling 362b may be located a perpendicular 

20 distance ranging, for example, from about 80 to 100 mils from the first wall 316 
the cavity 314 of the package 302 and may be located a perpendicular distance 
ranging, for example, from about 135 to 165 mils from the second wall 318 of the 
cavity 314 of the package 302. In a preferred embodiment, the second resilient 
coupling 362b is located a perpendicular distance ranging from about 85 to 95 

25 mils from the first wall 316 of the cavity 314 of the package 302 in order to 
optimally minimize thermal stresses and located a distance ranging from about 
147 to 157 mils from the second wall 318 of the cavity 314 of the package 302 in 
order to optimally minimize thermal stresses. 

The second resilient coupling 362b further includes one or more bumpers 

30 366 for slidingly supporting the mass 304. In a preferred embodiment, there is a 
single bumper 366. In a preferred embodiment, the bumper 366 has an 
approximately annular cross-sectional shape. In a preferred embodiment, the 
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bumper 366 is proximate to the bond pads 306. The width W 350 of the bumper 
366 may range, for example, from about 2 to 6 mils. In a preferred embodiment, 
the width W 366 of the bumper 366 ranges from about 3 to 5 mils in order to 
optimally minimize thermal stresses. 
5 Referring to Figs. 3T through 3X, in an alternate embodiment, the system 

300 further includes one or more sliding supports 354a, 354b, 354c, or 354d. The 
sliding supports 354a, 354b, 354c, or 354d preferably slidingly support the mass 
304. The number of sliding supports 354a, 354b, 354c, or 354d preferably 
depends upon having a sufficient amount of sliding supports in order to optimally 
10 shdingly support the mass 304. The sliding supports 354a, 354b, 354c, or 354d 
are preferably coupled to the bottom surface 324 of the cavity 314 of the package 
302. The sliding supports 354a may have an approximately square cross 
sectional shape. The sliding supports 354b may have an approximately 
rectangular cross sectional shape. The sliding supports 354c may have an 
15 approximately triangular cross sectional shape. The sliding supports 354d may 
have an approximately circular cross sectional shape. The sliding supports 354a, 
354b, 354c, or 354d may be, for example, tungsten or ceramic. In a preferred 
embodiment, the sliding supports 354a, 354b, 354c, or 354d are tungsten in order 
to optimally provides standard packaging process. In a preferred embodiment, 
20 the sliding supports 354 are coupled to the bottom surface 324 of the cavity 314 
of the package 302 using conventional means of integrating the sliding supports 
310 into the package 302. 

The sliding supports 354a, 354b, 354c, or 354d may have an approximate 
cross-sectional area ranging from about 400 to 1600 square mils, individually. In 
25 a preferred embodiment, the sliding supports 354a, 354b, 354c, or 354d have an 
approximate cross-sectional area ranging from about 625 to 1225 square mils, 
individually, in order to optimally minimize thermal stresses. The height H 354 of 
the sliding supports 354a, 354b, 354c, or 354d may range, for example, from 
about 0.5 to 3 mils. In a preferred embodiment, the height of the sliding 
30 supports 354a, 354b, 354c, or 354d ranges from about 1 to 1.5 mils in order to 
optimally minimize thermal stresses. 
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In a preferred embodiment, there is a first sliding support 354aa, a second 
sliding support 354ab, a third sliding support 354ac, and a fourth sliding support 
354ad. The first sliding support 354aa may be located a perpendicular distance 
ranging, for example, from about 45 to 75 mils from the first wall 316 of the 
5 cavity 314 of the package 302 and may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the second wall 318 of the 
cavity 314 of the package 302. In a preferred embodiment, the first sliding 
support 354aa is located a perpendicular distance ranging from about 52 to 62 
mil s from the first wall 316 of the cavity 314 of the package 302 in order to 

10 optimally minimize thermal stresses and located a perpendicular distance from 
about 90 to 105 mils from the second wall 318 of the cavity 314 of the package 
302 in order to optimally minimize thermal stresses. 

The second sliding support 354ab may be located a perpendicular distance 
ranging, for example, from about 45 to 75 mils from the first wall 316 of the 

15 cavity 314 of the package 302 and may be located a perpendicular distance 
ranging, for example, from about 15 to 30 mils from the second wall 318 of the 
cavity 314 of the package 302. In a preferred embodiment, the second sliding 
support 354ab is located a perpendicular distance ranging from about 52 to 62 
mils from the first wall 316 of the cavity 314 of the package 302 in order to 

20 optimally minimize thermal stresses and located a perpendicular distance 
ranging from about 20 to 25 mils from the second wall 318 of the cavity 314 of 
the package 302 in order to optimally minimize thermal stresses. 

The third sliding support 354ac may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 316 of the 

25 cavity 314 of the package 302 and may be located a perpendicular distance 

ranging, for example, from about 15 to 30 mils from the second wall 318 of the 
cavity 314 of the package 302. In a preferred embodiment, the third sliding 
support 354ac is located a perpendicular distance ranging from about 90 to 105 
mils from the first wall 316 of the cavity 314 of the package 302 in order to 

30 optimally minimize thermal stresses and located a perpendicular distance 

ranging from about 20 to 25 mils from the second wall 318 of the cavity 314 of 
the package 302 in order to optimally minimize thermal stresses. 
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The fourth sliding support 354ad may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 316 of the 
cavity 314 of the package 302 and may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the second wall 318 of the 
5 cavity 314 of the package 302. In a preferred embodiment, the fourth sliding 
support 354ad is located a perpendicular distance ranging from about 90 to 105 
mils from the first wall 316 of the cavity 314 of the package 302 in order to 
optimally minimize thermal stresses and located a perpendicular distance 
ranging from about 90 to 105 mils from the second wall 318 of the cavity 314 of 

10 the package 302 in order to optimally minimize thermal stresses. 

In an alternate embodiment, the resilient couplings 308 may also 
electrically couple the mass 304 to the package 302. 

In an alternate embodiment, the resilient couplings 362a and 362b may 
also electrically couple the mass 304 to the package 302. 

15 Referring to Figs. 4A through 4E, an embodiment of a system 400 for 

resiliently coupling a mass to a package preferably includes a package 402, a 
mass 404, one or more bond pads 406, one or more resilient couplings 408, and 
one or more electrical connections 410. 

The package 402 is coupled to the resilient couplings 408 and the electrical 

20 connections 410. The package 402 may be, for example, a housing or a substrate. 
In a preferred embodiment, the package 402 is a housing in order to optimally 
provide a surface mount component. The package 402 preferably includes a first 
parallel planar surface 412, a second parallel planar surface 414, and a cavity 
416. The cavity 416 preferably includes a first wall 418, a second wall 420, a 

25 third wall 422 and a fourth wall 424. The first wall 418 and the third wall 422 
are preferably approximately parallel to each other and the second wall 420 and 
the fourth wall 424 are preferably approximately parallel to each other. The 
second wall 422 and the fourth wall 424 are also preferably perpendicular to the 
first wall 418 and the third wall 422. The cavity 416 preferably includes a 

30 bottom surface 426. The package 402 may be any number of conventional 
commercially available housings of the type, for example, ceramic, metal, or 
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plastic. In a preferred embodiment, the package 402 is ceramic in order to 
optimally provide vacuum sealing of the mass 404 within the package 402. 

The mass 404 is preferably resiliency attached to the package 402 by the 
resilient couplings 408 and electrically coupled to the housing by the electrical 
5 connections 410. The mass 404 preferably has an approximately rectangular 
cross-sectional shape. The mass 404 preferably includes all active regions. 

In a preferred embodiment, the mass 404 includes a first member 440, a 
second member 442, and a third member 444. The first member 440 is 
preferably on top of the second member 442 and the second member 442 is 

10 preferably on top of the third member 444. In a preferred embodiment, the first 
member 440, the second member 442, and the third member 444 are a micro 
machined sensor substantially as disclosed in copending U. S. Patent Application 

Serial No. , Attorney Docket No. 14737.737, filed on , the 

disclosure of which is incorporated herein by reference. The first member 440 

15 preferably includes one or more parallel planar surfaces. In a preferred 

embodiment, the first member 440 includes a top parallel planar surface 446. 
The second member 442 preferably includes one or more parallel planar surfaces. 
In a preferred embodiment, the second member 442 includes a middle parallel 
planar surface 448. The third member 444 preferably includes one or more 

20 parallel planar surfaces. In a preferred embodiment, the third member 444 
includes a bottom parallel planar surface 450. The bottom parallel planar 
surface 450 of the mass 404 preferably includes a first side 452, a second side 
454, a third side 456, and a fourth side 458. The first side 452 and the third side 
456 are preferably approximately parallel to each other and the second side 454 

25 and the fourth side 458 are preferably approximately parallel to each other and 
preferably approximately perpendicular to the first side 452 and the third side 
456. 

In a preferred embodiment, the bottom parallel planar surface 450 of the 
mass 404 includes the bond pads 406. In a preferred embodiment, the bond pads 
30 406 are substantially located in the center of the bottom parallel planar surface 
450 of the mass 404. The bond pads 406 may be located a perpendicular 
distance ranging, for example, from about 80 to 100 mils from the first side 452 
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of the bottom parallel planar surface 450 of the mass 404 and may be located a 
perpendicular distance ranging, for example, from about 80 to 100 mils from the 
second side 454 of the bottom parallel planar surface 450 of the mass 404. In a 
preferred embodiment, the bond pads 406 are located a perpendicular distance 
5 ranging from about 85 to 95 mils from the first side 452 of the bottom parallel 
planar surface 450 of the mass 404 in order to optimally minimize thermal 
stresses and located a perpendicular distance ranging from about 85 to 95 mils 
from the second side 454 of the bottom parallel planar surface 450 of the mass 
404 in order to optimally minimize thermal stresses. The bond pads 406 may be 

10 used for, for example, solder, glass frit, conductive epoxy, or non-conductive 
epoxy bonding. In a preferred embodiment, the bond pads 406 are used for 
solder bonding in order to optimally provide good manufacturability. In a 
preferred embodiment, the bond pads 406 contact area is maximized in order to 
optimize the shock tolerance of the mass 404. In a preferred embodiment, the 

15 bond pads 406 have minimal discontinuities in order to optimize the distribution 
of thermal stresses in the mass 404. In several alternate embodiments, there is a 
plurality of bond pads 406 in order to optimize the relief of thermal stresses in 
the mass 404. In a preferred embodiment, there is a single bond pad 406a. The 
bond pad 406a preferably has an approximately circular cross -sectional shape. 

20 The diameter may range, for example, from about 50 to 100 mils. In a 
preferred embodiment, the diameter D 406a of the bond pad 406a ranges from 
about 70 to 80 mils in order to optimally nnnimize thermal stresses. The height 
H^g of the bond pad 406a may range, for example, from about 0.1 to 1 micron. In 
a preferred embodiment, the height H 406 of the bond pad 406a ranges from about 

25 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

The resilient couplings 408 preferably resiliently attaches the bond pads 
406 to the package 402. The resilient couplings 408 are preferably coupled to the 
bottom surface 426 of the cavity 416. In a preferred embodiment, the resilient 
couplings 408 are solder preforms. In a preferred embodiment, the resilient 

30 couplings 408 have an approximate cross-sectional circular shape. In a preferred 
embodiment, the resilient couplings 408 have minimal discontinuities in order to 
optimize the distribution of thermal stresses. In several alternate embodiments, 
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there is a plurality of resilient couplings 408 in order to optimize the relief of 
thermal stresses in the mass 404. The resilient couplings 408 may be any 
number of conventional commercially available solder preforms of the type, for 
example, eutectic or non-eutectic. In a preferred embodiment, the resilient 
5 couplings 408 are a eutectic type in order to optimally provide good yield 

strength with a reasonable melt temperature. The resilient couplings 408 may 
be located a perpendicular distance ranging, for example, from about 80 to 100 
mils from the first wall 418 of the cavity 416 of the package 402 and may be 
located a perpendicular distance ranging, for example, from about 80 to 100 mils 

10 from the second wall 420 of the cavity 416 of the package 402. In a preferred 
embodiment, the resilient couplings 408 are located a perpendicular distance 
ranging from about 85 to 95 mils from the first wall 418 of the cavity 416 of the 
package 402 in order to optimally minimize thermal stresses and located a 
distance ranging from about 85 to 95 mils from the second wall 420 of the cavity 
L5 416 of the package 402 in order to optimally minimize thermal stresses. In a 
preferred embodiment, there is a single resilient coupling 408. The diameter D 408 
of the resilient coupling 408 may range, for example, from about 50 to 100 mils. 
In a preferred embodiment, the diameter D 408 of the resilient coupling 408 ranges 
from about 70 to 80 mils in order to optimally minimize thermal stresses. The 

20 height H 408 of the resilient coupling 408 may range, for example, from about 2 to 
4 mils. In a preferred embodiment, the height H 408 of the resilient coupling 408 
ranges from about 2.5 to 3 mils in order to optimally mmiinize thermal stresses. 

In a preferred embodiment, the resilient coupling 408 further includes one 
or more bumpers 460 for slidingly supporting the mass 404. In a preferred 

25 embodiment, there is a single bumper 460. In a preferred embodiment the 

bumper 460 has an approximately annular cross-sectional shape. In a preferred 
embodiment, the bumper 460 surrounds the bond pads 406. In a preferred 
embodiment, the bumper 460 is proximate to the bond pads 406. The width W 460 
of the bumper 460 may range, for example, from about 2 to 6 mils. In a preferred 

30 embodiment, the width W 460 of the bumper 460 ranges from about 3 to 5 mils in 
order to optimally minimize thermal stresses. In a preferred embodiment, the 
resilient couplings 408 are coupled to the bond pad 406 using conventional solder 
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equipment and processes. In a preferred embodiment, the resilient couplings 408 
are coupled to the bottom surface 426 of the cavity 416 of the package 402 using 
conventional solder equipment and processes. 

The electrical connections 410 preferably electrically couple the mass 404 
5 to the package 402. In a preferred embodiment, the electrical connections 410 
are wire bonds. The electrical connections 410 may be any number of 
conventional commercially available wire bonds of the type, for example, gold or 
aluminum. In a preferred embodiment, the electrical connections 410 are gold in 
order to optimally provide compatibility with the package and the mass 404 

10 metallization. In a preferred embodiment, there is a first electrical connection 
410a and a second electrical connection 410b. The first electrical connection 
410a preferably electrically couples the first parallel planar surface 412 of the 
package 402 to the top parallel planar surface 446 of the mass 404. The second 
electrical connection 410b preferably electrically couples the second parallel 

L5 planar surface 414 of the package 402 to the middle parallel planar surface 448 of 
the mass 404. In a preferred embodiment, the electrical connections 410 are 
coupled to the package 402 using conventional wire-bonding equipment and 
processes. In a preferred embodiment, the electrical connections 410 are coupled 
to the mass 404 using conventional wire-bonding equipment and processes. 

20 Referring to Fig. 4F, in an alternate embodiment, the bottom surface 426 

of the package 402 preferably further includes a recess 428. The recess 428 may 
be circular or rectangular in shape. The recess 428 preferably includes a first 
wall 430, a second wall 432, a third wall 434 and a fourth wall 436. The first wall 
430 and the third wall 434 are preferably approximately parallel to each other 

25 and the second wall 432 and the fourth wall 436 are preferably approximately 
parallel to each other. The second wall 432 and the fourth wall 436 are also 
preferably perpendicular to the first wall 430 and the third wall 434. The recess 
428 preferably includes a bottom surface 438. The length L 428 of the recess 428 
may range, for example, from about 110 to 130 mils. In a preferred embodiment 

30 the length L 428 of the recess 428 ranges from about 115 to 125 mils in order to 
optimally minimize thermal stresses. The width W 428 of the recess 428 may 
range, for example, from about 110 to 130 mils. In a preferred embodiment the 
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width W 428 of the recess 428 ranges from about 115 to 125 mils in order to 
optimally minimize thermal stresses. The height H 428 of the recess 428 may 
range, for example, from about 1 to 2 mils. In a preferred embodiment the 
height H 428 of the recess 428 ranges from about 1.25 to 1.75 mils in order to 
5 optimally minimize thermal stresses. In a preferred embodiment, the recess 428 
is substantially located in the center of the bottom surface 426 of the package 
402. The first wall 430 of the recess 428 may be located a perpendicular distance 
ranging, for example, from 80 to 100 mils from the first wall 418 of the cavity 
416. In a preferred embodiment, the first wall 430 of the recess 428 is located a 

10 perpendicular distance ranging from 85 to 95 mils from the first wall 418 of the 
cavity 416 in order to optimally minimize thermal stresses. The second wall 432 
of the recess 428 may be located a perpendicular distance ranging, for example, 
from 80 to 100 mils from the second wall 420 of the cavity 416. In a preferred 
embodiment, the second wall 432 of the recess 428 is located a perpendicular 

15 distance ranging from 85 to 95 mils from the second wall 420 of the cavity 416 in 
order to optimally minimize thermal stresses. 

In a preferred embodiment, the resilient coupling 408 is located in the 
recess 428. The resilient coupling 408 may be located a perpendicular distance 
ranging, for example, from about 2 to 7 mils from the first wall 430 of the recess 

20 428 of the cavity 416 of the package 402 and may be located a perpendicular 

distance ranging, for example, from about 2 to 7 mils from the second wall 432 of 
the recess 428 of the cavity 416 of the package 402. In a preferred embodiment, 
the resilient coupling 408 is located a perpendicular distance ranging from about 
3 to 5 mils from the first wall 430 of the recess 428 of the cavity 416 of the 

25 package 402 in order to optimally mmimize thermal stresses and located a 
distance ranging from about 3 to 5 mils from the second wall 432 of the recess 
428 of the cavity 416 of the package 402 in order to optimally minimize thermal 
stresses. In a preferred emodiment, the resilient coupling 408 is coupled to the 
bottom surface 438 of the recess 428 using conventional solder equipment and 

30 processes. 

Referring to Fig. 4G, in an alternate embodiment, there is a first bond pad 
468a and a second bond pad 468b that are substantially equal in size and 

-52- 



WO 00/56132 PCT/US00/06832 

vertically proximate to each other. The bond pads 468a and 468b may be used 
for, for example, solder, glass frit, conductive epoxy, or non-conductive epoxy 
bonding. In a preferred embodiment, the bond pads 468 are used for solder 
bonding in order to optimally provide good manufacturability. The bond pads 
5 468 preferably have an approximately circular cross-sectional shape. The total 
diameter D 468 of the bond pads 468a and 468b may range, for example, from 
about 50 to 100 mils. In a preferred embodiment, the total diameter D^g of the 
bond pads 468a and 468b range from about 70 to 80 mils in order to optimally 
minimize thermal stresses. The height H 468 of the bond pads 468a and 468b may 

10 range, for example, from about 0.1 to 1 micron. In a preferred embodiment, the 
height H 468 of the bond pads 468a and 468b range from about 0.24 to 0.72 
microns in order to optimally minimize thermal stresses. 

The first bond pad 468a is preferably substantially located in the center of 
the bottom parallel planar surface 450 of the mass 404. The first bond pad 468a 

15 may be located a perpendicular distance ranging, for example, from about 80 to 
100 mils from the first side 452 of the bottom parallel planar surface 450 of the 
mass 404 and may be located a perpendicular distance ranging, for example, from 
about 40 to 50 mils from the second side 454 of the bottom parallel planar 
surface 450 of the mass 404. The first bond pad 468a is preferably located a 

20 perpendicular distance ranging from about 85 to 95 mils from the first side 452 
of the bottom parallel planar surface 450 of the mass 404 in order to optimally 
min i mize thermal stresses and located a perpendicular distance ranging from 
about 43 to 47 mils from the second side 454 of the bottom parallel planar 
surface 450 of the mass 404 in order to optimally minimize thermal stresses. 

25 The second bond pad 468b is preferably located substantially in the center 

of the bottom parallel planar surface 450 of the mass 404. The second bond pad 
468b may be located a perpendicular distance ranging, for example, from about 
80 to 100 mils from the first side 452 of the bottom parallel planar surface 450 of 
the mass 404 and may be located a perpendicular distance ranging, for example, 

30 from about 135 to 165 mils from the second side 454 of the bottom parallel 
planar surface 450 of the mass 404. The second bond pad 468b is preferably 
located a perpendicular distance ranging from about 85 to 95 mils from the first 
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side 452 of the bottom parallel planar surface 450 of the mass 404 in order to 
optimally minimize thermal stresses and located a perpendicular distance 
ranging from about 147 to 157 mils from the second side 454 of the bottom 
parallel planar surface 450 of the mass 404 in order to optimally minimize 
5 thermal stresses. 

Referring to Fig. 4H, in an alternate embodiment, there is a bond pad 
406b. The bond pad 406b may have an approximately oct-pie-wedge cross- 
sectional shape. The diameter of the bond pad 406b may range, for 
example, from about 50 to 100 mils. In a preferred embodiment, the diameter 

10 D4o 6b of the bond pad 406b ranges from about 70 to 80 mils in order to optimally 
minimize thermal stresses. The height H 406 of the bond pad 406b may range, for 
example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 406 
of the bond pad 406b ranges from about 0.24 to 0. 72 microns in order to 
optimally minimize thermal stresses. 

15 Referring to Fig. 4J, in an alternate embodiment, there is bond pad 406c. 

The bond pad 406c may have an approximately hollow oct-pie-wedge cross- 
sectional shape. The diameter D 406e of the bond pad 406c may range, for 
example, from about 50 to 100 mils. In a preferred embodiment, the diameter 
D406,. of the bond pad 406c ranges from about 70 to 80 mils in order to optimally 

20 nmiimize thermal stresses. The height H 406 of the bond pad 406c may range, for 
example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 406 
of the bond pad 406c ranges from about 0.24 to 0.72 microns in order to 
optimally minimize thermal stresses. 

Referring to Fig. 4K, in an alternate embodiment, there is a bond pad 

25 406d. The bond pad 406d has an approximately nine-circular cross-sectional 
shape. The overall diameter of the bond pad 406d may range, for example, 
from about 50 to 100 mils. In a preferred embodiment, the overall diameter D 406d 
of the bond pad 40 6 d ranges from about 70 to 80 mils in order to optimally 
minimize thermal stresses. The height H 406 of the bond pad 406d may range, for 

30 example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 406 
of the bond pad 406d ranges from about 0.24 to 0.72 microns in order to 
optimally minimize thermal stresses. 
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Referring to Fig. 4L, in an alternate embodiment, there is a single bond 
pad 406e. The bond pad 406e has an approximately starburst cross-sectional 
shape. The overall diameter D 406e of the bond pad 406e may range, for example, 
from about 50 to 100 mils. In a preferred embodiment, the overall diameter T> me 
5 of the bond pad 406e ranges from about 70 to 80 mils in order to optimally 
minimize thermal stresses. The height H 406 of the bond pad 406e may range, for 
example, from about 0.1 to 1 micron. In a preferred embodiment, the height H^q 
of the bond pad 406e ranges from about 0.24 to 0.72 microns in order to 
optimally minimize thermal stresses. 

10 Referring to Fig. 4M, in an alternate embodiment, there is a single bond 

pad 406f. The bond pad 406f has an approximately sunburst cross-sectional 
shape. The overall diameter D 406f of the bond pad 406f may range, for example, 
from about 50 to 100 mils. In a preferred embodiment, the overall diameter D 406f 
of the bond pad 406f ranges from about 70 to 80 mils in order to optimally 

15 minimize thermal stresses. The height H 406 of the bond pad 406f may range, for 
example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 406 
of the bond pad 406f ranges from about 0.24 to 0.72 microns in order to optimally 
minimize thermal stresses. 

Referring to Fig. 4R and 4S, in an alternate embodiment, there is a first 

20 resilient coupling 470a and a second resilient coupling 470b. In a preferred 
embodiment, the resilient couplings 470a and 470b are solder preforms 
preferably having an approximately circular cross-sectional shape. The resilient 
couplings 470a and 470b may be any number of conventional commercially 
available solder preforms of the type, for example, eutectic or non-eutectic. In a 

25 preferred embodiment, the resilient couplings 470a and 470b are a eutectic type 
in order to optimally provide good yield strength with a reasonable melt 
temperature. The total diameter D 470 of the resilient couplings 470a and 470b 
may range, for example, from about 50 to 100 mils. In a preferred embodiment, 
the total diameter D 470 of the resilient couplings 470a and 470b ranges from 

30 about 70 to 80 mils in order to optimally minimize thermal stresses. The height 
H 470 of the resilient couplings 470a and 470b may range, for example, from about 
2 to 4 mils. In a preferred embodiment, the height H 470 of the resilient couplings 
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470a and 470b ranges from about 2.5 to 3 mils in order to optimally minimize 
thermal stresses. In a preferred embodiment, the resilient couplings 470a and 
470b are coupled to the bottom surface 426 of the cavity 416 the package 402 
using conventional solder equipment and processes. In a preferred embodiment, 
5 the resilient couplings 470a and 470b are coupled to the bond pad 406 using 
conventional solder equipment and processes. 

The first resilient coupling 470a may be located a perpendicular distance 
ranging, for example, from about 80 to 100 mils from the first wall 418 the cavity 
416 of the package 402 and may be located a perpendicular distance ranging, for 

10 example, from about 40 to 50 mils from the second wall 420 of the cavity 416 of 
the package 402. In a preferred embodiment, the first resilient coupling 470a is 
located a perpendicular distance ranging from about 85 to 95 mils from the first 
wall 418 of the cavity 416 of the package 402 in order to optimally minimize 
thermal stresses and located a distance ranging from about 43 to 47 mils from 

15 the second wall 420 of the cavity 416 of the package 402 in order to optimally 
minimize thermal stresses. 

The first resilient coupling 470a further includes one or more bumpers 
472 for slidingly supporting the mass 404. In a preferred embodiment, there is a 
single bumper 472. In a preferred embodiment the bumper 472 has an 

20 approximately annular cross-sectional shape. In a preferred embodiment, the 
bumper 472 is proximate to the bond pads 406. The width W 472 of the bumper 
472 may range, for example, from about 2 to 6 mils. In a preferred embodiment, 
the width W 472 of the bumper 472 ranges from about 3 to 5 mils in order to 
optimally minimize thermal stresses. 

25 The second resilient coupling 470b may be located a perpendicular 

distance ranging, for example, from about 80 to 100 mils from the first wall 418 
the cavity 416 of the package 402 and may be located a perpendicular distance 
ranging, for example, from about 135 to 165 mils from the second wall 420 of the 
cavity 416 of the package 402. In a preferred embodiment, the second resilient 

30 coupling 470b is located a perpendicular distance ranging from about 85 to 95 
mils from the first wall 418 of the cavity 416 of the package 402 in order to 
optimally minimize thermal stresses and located a distance ranging from about 
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147 to 157 mils from the second wall 420 of the cavity 416 of the package 402 in 
order to optimally minimize thermal stresses. 

The second resilient coupling 470b further includes one or more bumpers 
474 for slidingly supporting the mass 404. In a preferred embodiment, there is a 
5 single bumper 474. In a preferred embodiment the bumper 474 has an 

approximately annular cross-sectional shape. In a preferred embodiment, the 
bumper 474 is proximate to the bond pads 406. The width W 474 of the bumper 
474 may range, for example, from about 2 to 6 mils. In a preferred embodiment, 
the width W 474 of the bumper 474 ranges from about 3 to 5 mils in order to 

10 optimally minimize thermal stresses. 

Referring to Figs. 4T through 4X, in an alternate embodiment, the system 
400 further includes one or more sliding supports 462a, 462b, 462c, or 462d. The 
sliding supports 462a, 462b, 462c, or 462d preferably slidingly support the mass 
404. The number of sliding supports 462a, 462b, 462c, or 462d preferably 

15 depends upon having a sufficient amount of sliding supports 462a, 462b, 462c, or 
462d in order to optimally sMdingly support the mass 404. The sliding supports 
462a, 462b, 462c, or 462d are preferably coupled to the bottom surface 426 of the 
cavity 416 of the package 402. The sliding supports 462a may have an 
approximately square cross sectional shape. The sliding supports 462b may have 

20 an approximately rectangular cross sectional shape. The shding supports 462c 
may have an approximately triangular cross-sectional shape. The sliding 
supports 462d may have an approximately circular cross-sectional shape. The 
sliding supports 462a, 462b, 462c, or 462d may be, for example, tungsten or 
ceramic. In a preferred embodiment, the sliding supports 462a, 462b, 462c, or 

25 462d are tungsten in order to optimally provide a standard packaging process. 
The total cross-sectional area of the shding supports 462a, 462b, 462c, or 462d 
may range, for example, from about 400 to 1600 square mils, individually. In a 
preferred embodiment, the total cross-sectional area of the sliding supports 462a, 
462b, 462c, or 462d ranges from about 625 to 1225 square mils, individually, in 

30 order to optimally minimize thermal stresses. The height H 462 of the sliding 
supports 462a, 462b, 462c, or 462d may range, for example, from about 0.5 to 3 
mils. In a preferred embodiment, the height H 462 of the shding supports 462a, 
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462b, 462c, or 462d ranges from about 1 to 1.5 mils in order to optimally 
minimize thermal stresses. 

In a preferred embodiment, there is a first sliding support 462aa, a second 
sliding support 462ab, a third sliding support 462ac, and a fourth sliding support 
5 462ad. The first sliding support 462aa may be located a perpendicular distance 
ranging, for example, from about 45 to 75 mils from the first wall 418 of the 
cavity 416 of the package 402 and may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the second wall 420 of the 
cavity 416 of the package 402. In a preferred embodiment, the first sliding 

10 support 462aa is located a perpendicular distance ranging from about 52 to 62 
mils from the first wall 418 of the cavity 416 of the package 402 in order to 
optimally minimize thermal stresses and located a perpendicular distance from 
about 90 to 105 mils from the second wall 420 of the cavity 416 of the package 
402 in order to optimally minimize thermal stresses. 

15 The second sliding support 462ab may be located a perpendicular distance 

ranging, for example, from about 45 to 75 mils from the first wall 418 of the 
cavity 416 of the package 402 and may be located a perpendicular distance 
ranging, for example, from about 15 to 30 mils from the second wall 420 of the 
cavity 416 of the package 402. In a preferred embodiment, the second sliding 

20 support 462ab is located a perpendicular distance ranging from about 52 to 62 
mils from the first wall 418 of the cavity 416 of the package 402 in order to 
optimally minimize thermal stresses and located a perpendicular distance 
ranging from about 20 to 25 mils from the second wall 420 of the cavity 416 of 
the package 402 in order to optimally minimize thermal stresses. 

25 The third sliding support 462ac may be located a perpendicular distance 

ranging, for example, from about 85 to 115 mils from the first wall 418 of the 
cavity 416 of the package 402 and may be located a perpendicular distance 
ranging, for example, from about 15 to 30 mils from the second wall 420 of the 
cavity 416 of the package 402. In a preferred embodiment, the third sliding 

30 support 462ac is located a perpendicular distance ranging from about 90 to 105 
mils from the first wall 418 of the cavity 416 of the package 402 in order to 
optimally minimize thermal stresses and located a perpendicular distance 
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ranging from about 20 to 25 mils from the second wall 420 of the cavity 416 of 
the package 402 in order to optimally minimize thermal stresses. 

The fourth sliding support 462ad may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 418 of the 
5 cavity 416 of the package 402 and may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the second wall 420 of the 
cavity 416 of the package 402. In a preferred embodiment, the fourth sliding 
support 462ad is located a perpendicular distance ranging from about 90 to 105 
mils from the first wall 418 of the cavity 416 of the package 402 in order to 
10 optimally minimize thermal stresses and located a perpendicular distance 

ranging from about 90 to 105 mils from the second wall 420 of the cavity 416 of 
the package 402 in order to optimally minimize thermal stresses. 

In an alternate embodiment, the resilient couplings 408 may also 
electrically couple the mass 404 to the package 402. 
15 In an alternate embodiment, the resilient couplings 470a and 470b may 

also electrically couple the mass 404 to the package 402. 

Referring to Figs. 5A through 5G, an alternate embodiment of a system 
500 for resiliently coupling a mass to a package preferably includes a package 
502, a mass 504, one or more bond pads 506, one or more resilient couplings 508, 
20 and one or more electrical connections 510. 

The package 502 is coupled to the resilient couplings 508 and the electrical 
connections 510. The package 502 may be, for example, a housing or a substrate. 
In a preferred embodiment, the package 502 is a housing in order to optimally 
provide a surface mount component. The package 502 preferably includes a top 
25 parallel planar surface 512 and a cavity 514. The cavity 514 preferably includes a 
first wall 516, a second wall 518, a third wall 520 and a fourth wall 522. The first 
wall 516 and the third wall 520 are preferably approximately parallel to each 
other and the second wall 518 and the fourth wall 522 are preferably 
approximately parallel to each other. The second wall 518 and the fourth wall 
30 522 are also preferably perpendicular to the first wall 516 and the third wall 520. 
The cavity 514 preferably includes a bottom surface 524. The package 502 may 
be any number of conventional commercially available housings of the type, for 
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example, metal, plastic or ceramic. In a preferred embodiment, the package 502 
is ceramic in order to optimally provide vacuum sealing of the mass 504 in the 
package 502. 

The mass 504 is preferably resiliency attached to the package 502 by the 
5 resilient couplings 508 and electrically coupled to the package 502 by the 
electrical connections 510. The mass 504 preferably has an approximately 
rectangular cross-sectional shape. The mass 504 preferably has a passive region 
538 on one end and an active region 540 on the opposite end. In a preferred 
embodiment, the mass 504 is a micro machined sensor substantially as disclosed 

10 in copending U. S. Patent Application Serial No. , Attorney Docket No. 

14737.737, filed on , the disclosure of which is incorporated herein 

by reference. 

In a preferred embodiment, the mass 504 includes a top parallel planar 
surface 526 and a bottom parallel planar surface 528. The bottom parallel planar 

15 surface 528 of the mass 504 preferably includes a first side 530, a second side 
532, a third side 534, and a fourth side 536. The first side 530 and the third side 
534 are preferably approximately parallel to each other and the second side 532 
and the fourth side 536 are preferably approximately parallel to each other and 
preferably approximately perpendicular to the first side 530 and the third side 

20 534. 

In a preferred embodiment, the bottom parallel planar surface 528 of the 
mass 504 includes the bond pads 506. In a preferred embodiment, the bond pads 
506 contact area is maximized in order to optimize the shock tolerance of the 
mass 504. In a preferred embodiment, the bond pads 506 have minimal 

25 discontinuities in order to optimize the distribution of thermal stresses in the 
mass 504. In several alternate embodiments, there is a plurality of bond pads 
506 in order to optimize the relief of thermal stresses in the mass 504. In a 
preferred embodiment, there is a first bond pad 506a and a second bond pad 
506b. In a preferred embodiment, the first bond pad 506a is located in the 

30 passive region 538 of the bottom parallel planar surface 528 of the mass 504. 
The first bond pad 506a may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the first side 530 of the bottom parallel 
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planar surface 528 of the mass 504 and may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the second side 532 of the 
bottom parallel planar surface 528 of the mass 504. In a preferred embodiment, 
the first bond pad 506a is located a perpendicular distance ranging from about 7 
5 to 12 mils from the first side 530 of the bottom parallel planar surface 528 of the 
mass 504 in order to optimally minimize thermal stresses and located a 
perpendicular distance ranging from about 7 to 12 mils from the second side 532 
of the bottom parallel planar surface 528 of the mass 504 in order to optimally 
minimize thermal stresses. 

10 In a preferred embodiment, the second bond pad 506b is located in the 

active region 540 of the bottom parallel planar surface 528 of the mass 504. The 
second bond pad 506b may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the third side 534 of the bottom parallel 
planar surface 528 of the mass 504 and may be located a perpendicular distance 

15 ranging, for example, from about 5 to 25 mils from the second side 532 of the 
bottom parallel planar surface 528 of the mass 504. In a preferred embodiment, 
the second bond pad 506b is located a perpendicular distance ranging from about 
7 to 12 mils from the third side 534 of the bottom parallel planar surface 528 of 
the mass 504 in order to optimally minimize thermal stresses and located a 

20 perpendicular distance ranging from about 7 to 12 mils from the second side 532 
of the bottom parallel planar surface 528 of the mass 504 in order to optimally 
minimize thermal stresses. 

The first bond pad 506a may be used for, for example, solder, glass frit, 
conductive epoxy, or non-conductive epoxy bonding. In a preferred embodiment, 

25 the first bond pad 506a is used for solder bonding in order to optimally provide 
good manufactur ability. The first bond pad 506a preferably has an 
approximately rectangular cross-sectional shape. The length L 506a of the first 
bond pad 506a may range, for example, from about 180 to 240 mils. In a 
preferred embodiment, the length of the first bond pad 506a ranges from 

30 about 200 to 220 mils in order to optimally minimize thermal stresses. The 
width Wgoga of the first bond pad 506a may range, for example, from about 15 to 
25 mils. In a preferred embodiment, the width W 506a of the first bond pad 506a 
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ranges from about 18 to 22 mils in order to optimally minimize thermal stresses. 
The height H 506a of the first bond pad 506a may range, for example, from about 
0.1 to 1 microns. In a preferred embodiment, the height H 506a of the first bond 
pad 506a ranges from about 0.24 to 0.72 microns in order to optimally minimize 
5 thermal stresses. 

The second bond pad 506b may be used for, for example, solder, glass frit, 
conductive epoxy, or non-conductive epoxy bonding. In a preferred embodiment, 
the second bond pad 506b is used for solder bonding in order to optimally provide 
good manufacturability. The second bond pad 506b preferably has an 
10 approximately rectangular cross-sectional shape. The length L 506b of the second 
bond pad 506b may range, for example, from about 180 to 240 mils. In a 
preferred embodiment, the length L 506b of the second bond pad 506b ranges from 
about 200 to 220 mils in order to optimally minimize thermal stresses. The 
width W 506b of the second bond pad 506b may range, for example, from about 15 
15 to 25 mils . In a preferred embodiment, the width W 506b of the second bond pad 
506b ranges from about 18 to 22 mils in order to optimally minimize thermal 
stresses. The height of the second bond pad 506b may range, for example, 
from about 0.1 to 1 microns. In a preferred embodiment, the height H 506b of the 
second bond pad 506b ranges from about 0.24 to 0.72 microns in order to 
20 optimally minimize thermal stresses. 

The resilient couplings 508 preferably resiliency attach the bond pads 506 
to the package 502. In a preferred embodiment, the resilient couplings 508 have 
minimal discontinuities in order to optimize the distribution of thermal stresses. 
In several alternate embodiments, there is a plurality of resilient couplings 508 
25 in order to optimize the relief of thermal stresses in the mass 504. In a preferred 
embodiment, the resilient couplings 508 are solder preforms preferably having an 
approximately rectangular cross-sectional shape. The resilient couplings 508 
may be any number of conventional commercially available solder preforms of 
the type, for example, eutectic or non-eutectic. In a preferred embodiment, the 
30 resilient couplings 508 are a eutectic type in order to optimally provide good yield 
strength with a reasonable melt temperature. The resilient couplings 508 are 
preferably coupled to the bottom surface 524 of the cavity 514. 
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In a preferred embodiment, there is a first resilient coupling 508a and a 
second resilient coupling 508b. The length L 508a of the first resilient coupling 
508a may range, for example, from about 200 to 250 mils. In a preferred 
embodiment, the length L 508a of the first resilient coupling 508a ranges from 
5 about 225 to 235 mils in order to optimally minimize thermal stresses. The 
width W 508a of the first resilient coupling 508a may range, for example, from 
about 20 to 35 mils. In a preferred embodiment, the width W 508a of the first 
resilient coupling 508a ranges from about 25 to 30 mils in order to optimally 
Tninimi 7.fi thermal stresses. The height H 508a of the first resilient coupling 508a 

10 may range, for example, from about 2 to 4 mils. In a preferred embodiment, the 
height H 508a of the first resilient coupling 508a ranges from about 2.5 to 3 mils in 
order to optimally mininiize thermal stresses. 

The length L 508b of the second resilient coupling 508b may range, for 
example, from about 200 to 250 mils. In a preferred embodiment, the length 

15 L 508b of the second resilient coupling 508b ranges from about 225 to 235 mils in 
order to optimally minimize thermal stresses. The width W 508b of the second 
resilient coupling 508b may range, for example, from about 20 to 35 mils. In a 
preferred embodiment, the width W 508b of the second resilient coupling 508b 
ranges from about 25 to 30 mils in order to optimally minimize thermal stresses. 

20 The height H 508b of the second resilient coupling 508b may range, for example, 
from about 2 to 4 mils. In a preferred embodiment, the height H 508b of the second 
resilient coupling 508b ranges from about 2.5 to 3 mils in order to optimally 
minimize thermal stresses. 

The first resilient coupling 508a may be located a perpendicular distance 

25 ranging, for example, from about 5 to 25 mils from the first wall 516 of the cavity 
514 of the package 502 and may be located a perpendicular distance ranging, for 
example, from 5 to 25 mils from the second wall 518 of the cavity 514 of the 
package 502. In a preferred embodiment, the first resilient coupling 508a is 
located a perpendicular distance ranging from about 7 to 12 mils from the first 

30 wall 516 of the cavity 514 of the package 502 in order to optimally minimize 
thermal stresses and located a distance ranging from about 7 to 12 mils from the 
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second wall 518 of the cavity 514 of the package 502 in order to optimally 
minimize thermal stresses. 

The second resilient coupling 508b may be located a perpendicular 
distance ranging, for example, from about 5 to 25 mils from the third wall 520 of 
5 the cavity 514 of the package 502 and may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the second wall 518 of the 
cavity 514 of the package 502. In a preferred embodiment, the second resilient 
coupling 508b is located a perpendicular distance ranging from about 7 to 12 mils 
from the third wall 520 of the cavity 514 of the package 502 in order to optimally 
10 minimize thermal stresses and located a distance ranging from about 7 to 12 mils 
from the second wall 518 of the cavity 514 of the package 502 in order to 
- optimally minimize thermal stresses. 

In a preferred embodiment, the first resilient coupling 508a further 
includes a first bumper 542 and a second bumper 544 for slidingly supporting the 
15 mass 504. In a preferred embodiment, the first bumper 542 of the first resilient 
coupling 508a is located on one side of the first bond pad 506a and the second 
bumper 544 of the first resilient coupling 508a is located on another side of the 
I; first bond pad 506a. In a preferred embodiment, the first bumper 542 of the 
;= first resilient coupling 508a and the second bumper 544 of the first resilient 
* 5 20 coupling 508a are proximate to the first bond pad 506a. The width W 542 of the 
first bumper 542 of the first resilient coupling 508a may range, for example, from 
about 2 to 6 mils. In a preferred embodiment, the width W 542 of the first bumper 
542 of the first resilient coupling 508a ranges from about 3 to 5 mils in order to 
optimally minimize thermal stresses. The width W 544 of the second bumper 544 
25 of the first resilient coupling 508a may range, for example, from about 2 to 6 
mils. In a preferred embodiment, the width W 544 of the second bumper 544 of the 
first resilient coupling 508a ranges from about 3 to 5 mils in order to optimally 
nuhimize thermal stresses. 

In a preferred embodiment, the second resilient coupling 508b further 
30 includes a first bumper 546 and a second bumper 548 for shdingly supporting the 
mass 504. In a preferred embodiment, the first bumper 546 of the second 
resilient coupling 508b is located on one side of the second bond pad 506b and 
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the second bumper 548 of the second resilient coupling 508b is located on 
another side of the second bond pad 506b. In a preferred embodiment, the first 
bumper 546 of the second resilient coupling 508b and the second bumper 548 of 
the second resilient coupling 508b are proximate to the second bond pad 506b. 
5 The width W 546 of the first bumper 546 of the second resilient coupling 508b may 
range, for example, from about 2 to 6 mils. In a preferred embodiment, the width 
W 546 of the first bumper 546 of the second resilient coupling 508b ranges from 
about 3 to 5 mils in order to optimally minimize thermal stresses. The width 
W 548 of the second bumper 548 of the second resilient coupling 508b may range, 

10 for example, from about 2 to 6 mils. In a preferred embodiment, the width W 548 
of the second bumper 548 of the second resilient coupling 508b ranges from 
about 3 to 5 mils in order to optimally minimize thermal stresses. In a preferred 
embodiment, the resilient couplings 508a and 508b are coupled to the bond pads 
506 using conventional solder equipment and processes. In a preferred 

15 embodiment, the resilient couplings 508a and 508b are coupled to the bottom 
surface 524 of the cavity 514 of the package 502 using conventional solder 
equipment and processes. 

The electrical connections 510 preferably electrically couple the mass 504 
to the package 502. In a preferred embodiment, there is a single electrical 

20 connection 510. The electrical connection 510 preferably electrically couples the 
top parallel planar surface 512 of the package 502 to the top parallel planar 
surface 526 of the mass 504. In a preferred embodiment, the electrical 
connection 512 is a wire bond. The electrical connection 512 may be any number 
of conventional commercially available wire bonds of the type, for example, gold 

25 or aluminum. In a preferred embodiment, the electrical connection 512 is gold in 
order to optimally provide compatibility to the package 502 and the mass 504 
metallization. In a preferred embodiment, the electrical connection 512 is 
coupled to the package 502 using conventional wire-bonding equipment and 
processes. In a preferred embodiment, the electrical connection 512 is coupled to 

30 the mass 504 using conventional wire-bonding equipment and processes. 

Referring to Fig. 5H, in an alternate embodiment, the mass 504 further 
includes a second passive region 552 at the opposite end of the bottom parallel 
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planar surface of the mass 504 from the passive region 538. The active region 
540 is preferably located between the passive region 538 and the second passive 
region 552. In a preferred embodiment, the second bond pad 506b is located in 
the second passive region 552. 
5 Referring to Fig. 5J, in an alternate embodiment, there are one or more 

bond pads 562 and one or more bond pads 564. In a preferred embodiment there 
is a first bond pad 562a and a second bond pad 562b. The bond pads 562a and 
562b are substantially equal in size and vertically horizontally proximate to each 
other. The bond pads 562a and 562b may be used for, for example, solder, glass 

10 frit, conductive epoxy, or non-conductive epoxy bonding. In a preferred 

embodiment, the bond pads 562a and 562b are used for solder bonding in order 
to provide good manufacturabihty. The bond pads 562a and 562b preferably 
have an approximately rectangular cross-sectional shape. The length L 562 of the 
bond pads 562a and 562b may range, for example, from about 180 to 240 mils. 

15 In a preferred embodiment, the length L 562 of the bond pads 562a and 562b 
range from about 200 to 220 mils in order to optimally minimize thermal 
stresses. The width W 562 of the bond pads 562a and 562b may range, for 
example, from about 10 to 20 mils. In a preferred embodiment, the width W 562 of 
the bond pads 562a and 562b range from about 13 to 18 mils in order to 

20 optimally minimize thermal stresses. The height H 562 of the bond pads 562a and 
562b may range, for example, from about 0.1 to 1 micron. In a preferred 
embodiment, the height H 562 of the bond pads 562a and 562b range from about 
0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

In a preferred embodiment, the first bond pad 562a is preferably located in 

25 the passive region 538 the bottom parallel planar surface 528 of the mass 504. 
The first bond pad 562a may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the first side 530 of the bottom parallel 
planar surface 528 of the mass 504 and may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the second side 532 of the 

30 bottom parallel planar surface 530 of the mass 504. The first bond pad 562a is 
preferably located a perpendicular distance ranging from about 7 to 12 mils from 
the first side 530 of the bottom parallel planar surface 528 of the mass 504 in 
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order to optimally minimize thermal stresses and located a perpendicular 
distance ranging from about 7 to 12 mils from the second side 532 of the bottom 
parallel planar surface 528 of the mass 504 in order to optimally minimize 
thermal stresses. 

5 In a preferred embodiment, the second bond pad 562b is located in the 

passive region 538 of the bottom parallel planar surface 528 of the mass 504. 
The second bond pad 562b may be located a perpendicular distance ranging, for 
example, from about 15 to 45 mils from the first side 530 of the bottom parallel 
planar surface 528 of the mass 504 and may be located a perpendicular distance 

10 ranging, for example, from about 5 to 25 mils from the second side 532 of the 
bottom parallel planar surface 528 of the mass 504. The second bond pad 562b is 
preferably located a perpendicular distance ranging from about 20 to 30 mils 
from the first side 530 of the bottom parallel planar surface 528 of the mass 504 
in order to optimally minimize thermal stresses and located a perpendicular 

15 distance ranging from about 7 to 12 mils from the second side 532 of the bottom 
parallel planar surface 528 of the mass 504 in order to optimally minimize 
thermal stresses. 

In a preferred embodiment, there is a third bond pad 564a and a fourth 
bond pad 564b. The bond pads 564a and 564b may be used for solder, glass frit, 

20 conductive epoxy, or non-conductive epoxy bonding. In a preferred embodiment, 
the bond pads 564 are used for solder bonding in order to optimally provide good 
manufacturability. The bond pads 564a and 564b preferably have an 
approximately rectangular cross-sectional shape. The length L 564 of the bond 
pads 564a and 564b may range, for example, from about 180 to 240 mils. In a 

25 preferred embodiment, the length L 564 of the bond pads 564a and 564b range 
from about 200 to 220 mils in order to optimally minimize thermal stresses. The 
width W 564 of the bond pads 564a and 564b may range, for example, from about 
10 to 20 mils. In a preferred embodiment, the width W 564 of the bond pads 564a 
and 564b range from about 13 to 18 mils in order to optimally minimize thermal 

30 stresses. The height H 564 of the bond pads 564a and 564b may range, for 

example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 564 



-67- 



WO 00/56132 PCT/US00/06832 
of the bond pads 564a and 564b range from about 0.24 to 0.72 microns in order 
to optimally minimize thermal stresses. 

In a preferred embodiment, the third bond pad 564a is located in the 
active region 540 of the bottom parallel planar surface 528 of the mass 504, The 
5 third bond pad 564a may be located a perpendicular distance ranging, for 

example, from about 15 to 45 mils from the third side 534 of the bottom parallel 
planar surface 528 of the mass 504 and may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the second side 532 of the 
bottom parallel planar surface 528 of the mass 504. The third bond pad 564a is 

10 preferably located a perpendicular distance ranging from about 20 to 30 mils 
from the third side 534 of the bottom parallel planar surface 528 of the mass 504 
in order to optimally minimize thermal stresses and located a perpendicular 
distance ranging from about 7 to 12 mils from the second side 532 of the bottom 
parallel planar surface 528 of the mass 504 in order to optimally minimize 

15 thermal stresses. 

The fourth bond pad 564b is preferably located in the active region 540 of 
the bottom parallel planar surface 528 of the mass 504. The fourth bond pad 
564b may be located a perpendicular distance ranging, for example, from about 5 
to 25 mils from the third side 534 of the bottom parallel planar surface 528 of the 

20 mass 504 and may be located a perpendicular distance ranging, for example, from 
about 5 to 25 mils from the second side 532 of the bottom parallel planar surface 
528 of the mass 504. The fourth bond pad 564b is preferably located a 
perpendicular distance ranging from about 7 to 12 mils from the third side 534 of 
the bottom parallel planar surface 528 of the mass 504 in order to optimally 

25 minimize thermal stresses and located a perpendicular distance ranging from 
about 7 to 12 mils from the second side 532 of the bottom parallel planar surface 
528 of the mass 504 in order to optimally minimize thermal stresses. 

In an alternate embodiment, the third bond pad 564a and the fourth bond 
pad 564b are located in the second passive region 552 of the mass 504. 

30 Referring to Fig. 5K through 5S, in several alternate embodiments, a bond 

pad 506c, a pair of bond pads 506d and 506e, a bond pad 506f, a bond pad 506g, a 
pair of bond pads 506h and 506i, a trio of bond pads 506j and 506k and 5061, a 
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bond pad 506m, and a pair of bond pads 506n and 506o may be substantially 
substituted for each of the bond pads 506a and 506b described above with 
reference to Fig. 5A. 

Referring to Fig. 5K, the bond pad 506c may have an approximately oval 

5 cross-sectional shape. The bond pad 506c may have an approximate cross- 
sectional area ranging from about 4000 to 8750 square mils, individually. In a 
preferred embodiment, the bond pad 506 has an approximate cross-sectional area 
ranging from about 5625 to 7050 square mils, individually, in order to optimally 
mmimize thermal stresses. The height H 506 of the bond pad 506c may range, for 

10 example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 506 
of the bond pads 506 range from about 0.24 to 0.72 microns in order to optimally 
minimize thermal stresses. 

Referring to Fig. 5L, in an alternate embodiment, the bond pads 506d and 
506e are substantially equal in size, vertically proximate to each other, and have 

15 an approximately oval cross-sectional shape. The bond pads 506d and 506e may 
have an approximate total cross-sectional area ranging from about 4000 to 8750 
square mils. In a preferred embodiment, the bond pads 506d and 506e have an 
approximate total cross-sectional area ranging from about 5625 to 7050 square 
mil s in order to optimally minimize thermal stresses. The height H 506 of the 

20 bond pads 506d and 506e may range, for example, from about 0.1 to 1 micron. 
In a preferred embodiment, the height H 506 of the bond pads 506d and 506e 
ranges from about 0.24 to 0.72 microns in order to optimally minimize thermal 
stresses. 

Referring to Fig. 5M, in an alternate embodiment, the bond pad 506f has 
25 an approximately tri-oval cross-sectional shape. The bond pad 506f may have 
approximate cross-sectional area ranging from about 4000 to 8750 square mils. 
In a preferred embodiment, the bond pad 506f has an approximate cross- 
sectional area ranging from about 5625 to 8750 square mils in order to optimally 
minimize thermal stresses. The height H 506 of the bond pad 506f may range, for 
30 example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 506 
of the bond pad 506f ranges from 0.24 to 0.72 microns in order to optimally 
mmimize thermal stresses. 
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Referring to Fig. 5N, in an alternate embodiment, the bond pad 506g has 
an approximately oct-oval cross-sectional shape. The bond pad 506g may have an 
approximate cross-sectional area ranging from about 4000 to 8750 square mils. 
In a preferred embodiment, the bond pad 506g have an approximate cross- 
5 sectional area ranging from about 5625 to 7050 square mils in order to optimally 
rninimize thermal stresses. The height H s06 of the bond pad 506g may range, for 
example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 506 
of the bond pad 506g range from about 0.24 to 0.72 microns in order to optimally 
minimize thermal stresses. 
10 Referring to Fig. 5P, in an alternate embodiment, the bond pads 506h and 

506i are substantially equal in size, vertically proximate to each other, and have 
an approximately rectangular cross-sectional shape. The bond pads 506h and 
506i may have an approximate total cross-sectional area ranging from about 4000 
to 8750 square mils. In a preferred embodiment, the bond pads 506h and 506i 
15 have an approximate total cross-sectional area ranging from about 5625 to 8750 
square mils in order to optimally minimize thermal stresses. The height H 606 of 
the bond pads 506h and 506i may range, for example, from about 0.1 to 1 micron. 
In a preferred embodiment, the height H 506 of the bond pads 506h and 506i range 
from about 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 
20 Referring to Fig. 5Q, in an alternate embodiment, the bond pads 506j, 

506k, and 5061 are substantially equal in size, vertically proximate to each other, 
and have an approximately rectangular cross-sectional shape. The bond pads 
506j, 506k, and 5061 may have an approximate total cross-sectional area ranging 
from about 4000 to 8750 square mils. In a preferred embodiment, the bond pads 
25 506j, 506k, and 5061 have an approximate total cross-sectional area ranging from 
about 5625 to 8750 square mils in order to optimally nnnimize thermal stresses. 
The height H 506 of the bond pads 506j, 506k, and 5061 may range, for example, 
from about 0.1 to 1 micron. In a preferred embodiment, the height H 506 of the 
bond pads 506j, 506k, and 5061 range from about 0.24 to 0.72 microns in order to 
30 optimally minimize thermal stresses. 

Referring to Fig. 5R in an alternate embodiment, the bond pad 506m may 
have an approximately wavy sided rectangular cross-sectional shape. The bond 
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pad 506m. may have an approximate cross-sectional area ranging from about 
4000 to 8750 square mils. In a preferred embodiment, the bond pad 506m have 
an approximate cross-sectional area ranging from about 5625 to 7050 square mils 
in order to optimally minimize thermal stresses. The height H 506 of the bond pad 
5 506m may range, for example, from about 0.1 to 1 microns. In a preferred 

embodiment, the height H 506 of the bond pad 506m range from about 0.24 to 0.72 
microns in order to optimally minimize thermal stresses. 

Referring to Fig. 5S, in an alternate embodiment, the bond pads 506n and 
506 o are horizontally proximate to each other and have an approximately 

10 rectangular cross-sectional shape. The bond pad 506n is approximately smaller 
in size than the bond pad 506o. The bond pads 506n and 506o may have an 
approximate cross-sectional area ranging from about 4000 to 8750 square mils. 
In a preferred embodiment, the bond pads 506n and 506o have an approximate 
total cross-sectional area ranging from about 5625 to 7050 square mils in order 

15 to optimally minimize thermal stresses. The height H 506 of the bond pads 506n 
and 506o may range, for example, from about 0.1 to 1 micron. In a preferred 
embodiment, the height H 506 of the bond pads 506n and 506o range from about 
0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

Referring to Fig. 5T through 5W, in an alternate embodiment, there are 

20 one or more resilient couplings 566 and one or more resilient couplings 568. In a 
preferred embodiment, the resilient couplings 566 are solder preforms preferably 
having an approximately rectangular cross-sectional shape. The resilient 
couplings 566 may be any number of conventional commercially available solder 
preforms of the type, for example, eutectic or non-eutectic. In a preferred 

25 embodiment, the resilient couplings 566 are a eutectic type in order to optimally 
provide good yield strength with a reasonable melt temperature. The length L 566 
of the resilient couplings 566 may range, for example, from about 90 to 120 mils. 
In a preferred embodiment, the length L 566 of the resilient couplings 566 ranges 
from about 101 to 112 mils in order to optimally minimize thermal stresses. The 

30 width W 566 of the resilient couplings 566 may range, for example, from about 20 
to 35 mils. In a preferred embodiment, the width W 666 of the resilient couplings 
566 ranges from about 25 to 30 mils in order to optimally minimize thermal 
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stresses. The height H E66 of the resilient couplings 566 may range, for example, 
from about 2 to 4 mils. In a preferred embodiment, the height H 566 of the 
resilient couplings 566 ranges from about 2.5 to 3 mils in order to optimally 
minimize thermal stresses. In a preferred embodiment, the resilient couplings 
5 566 are coupled to the bottom surface 524 of the cavity 514 the package 502 
using conventional solder equipment and processes. In a preferred embodiment, 
the resilient couplings 566 are coupled to the bond pads 506 using conventional 
solder equipment and processes. In a preferred embodiment, there is a first 
resilient coupling 566a and a second resilient coupling 566b. 

10 The first resilient coupling 566a be located a perpendicular distance 

ranging, for example, from about 5 to 25 mils from the first wall 516 the cavity 
514 of the package 502 and may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the second wall 518 of the cavity 514 of 
the package 502. In a preferred embodiment, the first resilient coupling 566a is 

15 located a perpendicular distance ranging from about 7 to 12 mils from the first 
wall 516 of the cavity 514 of the package 502 in order to optimally minimize 
thermal stresses and located a distance ranging from about 7 to 12 mils from the 
second wall 518 of the cavity 514 of the package 502 in order to optimally 
mmimize thermal stresses. 

20 The first resilient coupling 566a further includes one or more first 

bumpers 554 for slidingly supporting the mass 504. In a preferred embodiment, 
the first bumpers 554 are located on both sides of the first bond pad 506a. In a 
preferred embodiment, the first bumpers 554 are proximate to the first bond pad 
506a. The width W 554 of the first bumpers 554 may range, for example, from 

25 about 2 to 6 mils. In a preferred embodiment, the width W 554 of the first 
bumpers 554 ranges from about 3 to 5 mils in order to optimally minimize 
thermal stresses. 

The second resilient coupling 566b may be located a perpendicular 
distance ranging, for example, from about 5 to 25 mils from the first wall 516 the 

30 cavity 514 of the package 502 and may be located a perpendicular distance 

ranging, for example, from about 105 to 145 mils from the second wall 518 of the 
cavity 514 of the package 502. In a preferred embodiment, the second resilient 
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coupling 566b is located a perpendicular distance ranging from about 7 to 12 mils 
from the first wall 516 of the cavity 514 of the package 502 in order to optimally 
minimize thermal stresses and located a distance ranging from about 112 to 127 
mils from the second wall 518 of the cavity 514 of the package 502 in order to 
5 optimally minimize thermal stresses. 

The second resilient coupling 566b further includes one or more second 
bumpers 556 for slidingly supporting the mass 504. In a preferred embodiment, 
the second bumpers 556 are located on one side of the first bond pad 506a. In a 
preferred embodiment, the second bumpers 556 are proximate to the first bond 
10 pad 506a. The width W 556 of the second bumpers 556 may range, for example, 
from about 2 to 6 mils. In a preferred embodiment, the width W 556 of the second 
bumpers 556 range from about 3 to 5 mils in order to optimally minimize 
thermal stresses. 

In a preferred embodiment, the resilient couplings 568 are solder 
15 preforms preferably having an approximately rectangular cross-sectional shape. 
The resilient couplings 568 may be any number of conventional commercially 
available solder preforms of the type, for example, eutectic or non-eutectic. In a 
preferred embodiment, the resilient couplings 568 are a eutectic type in order to 
optimally provide good yield strength with a reasonable melt temperature. The 
20 length L 568 of the resilient couplings 568 may range, for example, from about 90 
to 120 mils. In a preferred embodiment, the length L 56S of the resilient couplings 
568 ranges from about 101 to 112 mils in order to optimally minimize thermal 
stresses. The width W 568 of the resilient couplings 568 may range, for example, 
from about 20 to 35 mils. In a preferred embodiment, the width W 568 of the 
25 resilient couplings 568 ranges from about 25 to 30 mils in order to optimally 
mmimize thermal stresses. The height H 568 of the resilient couplings 568 may 
range, for example, from about 2 to 4 mils. In a preferred embodiment, the 
height H 568 of the resilient couplings 568 ranges from about 2.5 to 3 mils in order 
to optimally minimize thermal stresses. In a preferred embodiment, the resilient 
30 couplings 568 are coupled to the bottom surface 524 of the cavity 514 the 

package 502 using conventional solder equipment and processes. In a preferred 
embodiment, the resilient couplings 568 are coupled to the bond pads 506 using 
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conventional solder equipment and processes. In a preferred embodiment, there 
is a third resilient coupling 568a and a fourth resilient coupling 568b. 

The third resilient coupling 568a may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the third wall 520 the cavity 
5 514 of the package 502 and may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the second wall 518 of the cavity 514 of 
the package 502. In a preferred embodiment, the third resilient coupling 568a is 
located a perpendicular distance ranging from about 7 to 12 mils from the third 
wall 520 of the cavity 514 of the package 502 in order to optimally minimize 

10 thermal stresses and located a distance ranging from about 7 to 12 mils from the 
second wall 518 of the cavity 514 of the package 502 in order to optimally 
minimize thermal stresses. 

The third resilient coupling 568a further includes one or more third 
bumpers 558 for slidingly supporting the mass 504. In a preferred embodiment, 

15 the third bumpers 558 are located on both sides of the second bond pad 506b In 
a preferred embodiment, the third bumpers 558 are proximate to the second 
bond pad 506b. The width W 558 of the third bumpers 558 may range, for 
example, from about 2 to 6 mils. In a preferred embodiment, the width W 558 of 
the third bumpers 558 range from about 3 to 5 mils in order to optimally 

20 minimize thermal stresses. 

The fourth resilient coupling 568b may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the third wall 520 the cavity 
514 of the package 502 and may be located a perpendicular distance ranging, for 
example, from about 105 to 145 mils from the second wall 518 of the cavity 514 

25 of the package 502. In a preferred embodiment, the fourth resilient coupling 
568b is located a perpendicular distance ranging from about 7 to 12 mils from the 
third wall 520 of the cavity 514 of the package 502 in order to optimally rnmimize 
thermal stresses and located a distance ranging from about 112 to 127 mils from 
the second wall 518 of the cavity 514 of the package 502 in order to optimally 

30 minimize thermal stresses. 

The fourth resilient coupling 568b further includes one or more fourth 
bumpers 560 for slidingly supporting the mass 504. In a preferred embodiment, 
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the fourth bumpers 560 are located on both sides of the second bond pad 506b. 
In a preferred embodiment, the fourth bumpers 560 are proximate to the second 
bond pad 506b. The width W 560 of the fourth bumpers 560 may range, for 
example, from about 2 to 6 mils. In a preferred embodiment, the width W 560 of 
5 the fourth bumpers 560 ranges from about 3 to 5 mils in order to optimally 
minimize thermal stresses. 

Referring to Figs. 5X through 5BB, in an alternate embodiment, the 
system 500 further includes one or more sliding supports 550a, 550b, 550c, or 
550d. The sliding supports 550a, 550b, 550c, or 550d preferably slidingly 

10 support the mass 504. The sliding supports 550a, 550b, 550c, or 550d are 
preferably coupled to the bottom surface 524 of the cavity 514 of the package 
502. The number of sliding supports 550a, 550b, 550c, or 550d preferably 
depends upon having a sufficient amount of sliding supports in order to optimally 
slidingly support the mass 504. The sliding supports 550a may have an 

15 approximately square cross sectional shape. The sliding supports 550b may have 
an approximately rectangular cross sectional shape. The sliding supports 550c 
may have an approximately triangular cross sectional shape. The sliding supports 
550d may have an approximately circular cross sectional shape. The sliding 
supports 550a, 550b, 550c, or 550d may be, for example, tungsten or ceramic. In 

20 a preferred embodiment, the sUding supports 550a, 550b, 550c, or 550d are 

tungsten in order to optimally provide a standard packaging process. The cross- 
sectional area of the sliding supports 550a, 550b, 550c, or 550d may range, for 
example, from about 400 to 1600 square mils, individually. In a preferred 
embodiment, the cross-sectional area of the sliding supports 550a, 550b, 550c, or 

25 550d may range, for example, from about 625 to 1225 square mils, individually, 
in order to optimally minimize thermal stresses. The height H 550 of the sliding 
supports 550a, 550b, 550c, or 550d may range, for example, from about 0.5 to 3 
mils. In a preferred embodiment, the height H 550 of the sliding supports 550a, 
550b, 550c, or 550d ranges from about 1 to 1.5 mils in order to optimally 

30 minimize thermal stresses. 

In a preferred embodiment, there is a first sliding support 550aa, a second 
sliding support 550ab, a third sliding support 550ac, and a fourth sliding support 
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550ad. The first sliding support 550aa may be located a perpendicular distance 
ranging, for example, from about 45 to 75 mils from the first wall 516 of the 
cavity 514 of the package 502 and may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the second wall 518 of the 
5 cavity 514 of the package 502. In a preferred embodiment, the first sliding 
support 550aa is located a perpendicular distance ranging from about 52 to 62 
mils from the first wall 516 of the cavity 514 of the package 502 in order to 
optimally minimize thermal stresses and located a perpendicular distance from 
about 90 to 105 mils from the second wall 518 of the cavity 514 of the package 
10 502 in order to optimally minimize thermal stresses. 

The second sliding support 550ab may be located a perpendicular distance 
ranging, for example, from about 45 to 75 mils from the first wall 516 of the 
cavity 514 of the package 502 and may be located a perpendicular distance 
ranging, for example, from about 15 to 30 mils from the second wall 518 of the 
15 cavity 514 of the package 502. In a preferred embodiment, the second sliding 
support 550ab is located a perpendicular distance ranging from about 52 to 62 
mils from the first wall 516 of the cavity 514 of the package 502 in order to 
optimally mini m ize thermal stresses and located a perpendicular distance 
ranging from about 20 to 25 mils from the second wall 518 of the cavity 514 of 
20 the package 502 in order to optimally minimize thermal stresses. 

The third sliding support 550ac may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 516 of the 
cavity 514 of the package 502 and may be located a perpendicular distance 
ranging, for example, from about 15 to 30 mils from the second wall 518 of the 
25 cavity 514 of the package 502. In a preferred embodiment, the third sliding 
support 550ac is located a perpendicular distance ranging from about 90 to 105 
mils from the first wall 516 of the cavity 514 of the package 502 in order to 
optimally min imi ze thermal stresses and located a perpendicular distance 
ranging from about 20 to 25 mils from the second wall 518 of the cavity 514 of 
30 the package 502 in order to optimally minimize thermal stresses. 

The fourth shding support 550ad may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 516 of the 
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cavity 514 of the package 502 and may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the second wall 518 of the 
cavity 514 of the package 502. In a preferred embodiment, the fourth sliding 
support 550ad is located a perpendicular distance ranging from about 90 to 105 
5 mils from the first wall 516 of the cavity 514 of the package 502 in order to 
optimally minimize thermal stresses and located a perpendicular distance 
ranging from about 90 to 105 mils from the second wall 518 of the cavity 514 of 
the package 502 in order to optimally roinirnize thermal stresses. 

In an alternate embodiment, the resilient couplings 508 may also 
10 electrically couple the mass 504 to the package 502. 

In an alternate embodiment, the resilient couplings 566 and 568 may also 
electrically couple the mass 504 to the package 502. 

Referring to Figs. 6A through 6G } an alternate embodiment of a system 
600 for resiliently coupling a mass to a package preferably includes a package 
15 602, a mass 604, one or more bond pads 606, one or more resilient couplings 608, 
and one or more electrical connections 610. 

The package 602 is preferably coupled to the resilient couplings 608 and 
the electrical connections 610. The package 602 may be, for example, a housing 
or a substrate. In a preferred embodiment, the package 602 is a housing in order 
20 to optimally provide a surface mount component. The package 602 preferably 
includes a first parallel planar surface 612, a second parallel planar surface 614 
and a cavity 616. The cavity 616 preferably includes a first wall 618, a second 
wall 620, a third wall 622 and a fourth wall 624. The first wall 618 and the third 
wall 622 are preferably approximately parallel to each other and the second wall 
25 620 and the fourth wall 624 are preferably approximately parallel to each other. 
The second wall 620 and the fourth wall 624 are also preferably perpendicular to 
the first wall 618 and the third wall 622. The cavity 616 preferably includes a 
bottom surface 626. The package 602 may be any number of conventional 
commercially available housings of the type, for example, metal, ceramic or 
30 plastic. In a preferred embodiment, the package 602 is ceramic in order to 
optimally provide vacuum sealing of the mass 604 in the package 602. 
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The mass 604 is preferably resiliency attached to the package 602 by the 
resilient couplings 608 and electrically coupled to the package 602 by the 
electrical connections 610. The mass 604 preferably has an approximately 
rectangular cross-sectional shape. The mass 604 preferably includes a passive 
5 region 648 on one end and an active region 650 on the opposite end. 

In a preferred embodiment, the mass 604 includes a first member 628, a 
second member 630, and a third member 632. The first member 628 is 
preferably on top of the second member 630 and the second member 630 is 
preferably on top of the third member 632. In a preferred embodiment, the first 
10 member 628, the second member 630, and the third member 632 are a micro 
machined sensor substantially as disclosed in copending U. S. Patent Application 

Serial No. , Attorney Docket No. 14737.737, filed on , the 

disclosure of which is incorporated herein by reference. 

The first member 628 preferably includes one or more parallel planar 
15 surfaces. In a preferred embodiment, the first member 628 includes a top 

parallel planar surface 634. The second member 630 preferably includes one or 
more parallel planar surfaces. In a preferred embodiment, the second member 
630 includes a middle parallel planar surface 636. The third member 632 
preferably includes one or more parallel planar surfaces. In a preferred 
20 embodiment, the third member 632 includes a bottom parallel planar surface 
638. The bottom parallel planar surface 638 of the mass 604 preferably includes 
a first side 640, a second side 642, a third side 644, and a fourth side 646. The 
first side 640 and the third side 644 are preferably approximately parallel to each 
other and the second side 642 and the fourth side 646 are preferably 
25 approximately parallel to each other and preferably approximately perpendicular 
to the first side 640 and the third side 644. 

In a preferred embodiment, the bottom parallel planar surface 638 of the 
mass 604 includes the bond pads 606. In a preferred embodiment, the bond pads 
606 contact area is maximized in order to optimize the shock tolerance of the 
30 mass 604. In a preferred embodiment, the bond pads 606 have minimal 

discontinuities in order to optimize the distribution of thermal stresses in the 
mass 604. In several alternate embodiments, there is a plurality of bond pads 
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606 in order to optimize the relief of thermal stresses in the mass 604. In a 
preferred embodiment, there is a first bond pad 606a and a second bond pad 
606b. In a preferred embodiment, the first bond pad 606a is located in the 
passive region 648 of the bottom parallel planar surface 638 of the mass 604. 
5 The first bond pad 606a may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the first side 640 of the bottom parallel 
planar surface 638 of the mass 604 and may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the second side 642 of the 
bottom parallel planar surface 638 of the mass 604. In a preferred embodiment, 

10 the first bond pad 606a is located a perpendicular distance ranging from about 7 
to 12 mils from the first side 640 of the bottom parallel planar surface 638 of the 
mass 604 in order to optimally minimize thermal stresses and located a 
perpendicular distance ranging from about 7 to 12 mils from the second side 642 
of the bottom parallel planar surface 638 of the mass 604 in order to optimally 

15 minimize thermal stresses. 

In a preferred embodiment, the second bond pad 606b is located in the 
active region 650 of the bottom parallel planar surface 638 of the mass 604. The 
second bond pad 606b may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the third side 644 of the bottom parallel 

20 planar surface 638 of the mass 604 and may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the second side 642 of the 
bottom parallel planar surface 638 of the mass 604. In a preferred embodiment, 
the second bond pad 606b is located a perpendicular distance ranging from about 
7 to 12 mils from the third side 644 of the bottom parallel planar surface 638 of 

25 the mass 604 in order to optimally minimize thermal stresses and located a 

perpendicular distance ranging from about 7 to 12 mils from the second side 642 
of the bottom parallel planar surface 638 of the mass 604 in order to optimally 
minimize thermal stresses. 

The first bond pad 606a may be used for, for example, solder, glass frit, 

30 conductive epoxy, or non-conductive epoxy bonding. In a preferred embodiment, 
the first bond pad 606a is used for solder bonding in order to optimally provide 
good manufacturability. The first bond pad 606a preferably has an 
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approximately rectangular cross-sectional shape. The length L 606a of the first 
bond pad 606a may range, for example, from about 180 to 240 mils. In a 
preferred embodiment, the length L 606a of the first bond pad 606a ranges from 
about 200 to 220 mils in order to optimally minimize thermal stresses. The 
5 width W 606a of the first bond pad 606a may range, for example, from about 15 to 
25 mils. In a preferred embodiment, the width W 606a of the first bond pad 606a 
ranges from about 18 to 22 mils in order to optimally minimize thermal stresses. 
The height H e06a of the first bond pad 606a may range, for example, from about 
0.1 to 1 micron. In a preferred embodiment, the height H 606a of the first bond pad 
10 606a ranges from about 0.24 to 0.72 microns in order to optimally minimize 
thermal stresses. 

The second bond pad 606b may, for example, be used for solder, glass frit, 
conductive epoxy, or non-conductive epoxy bonding. In a preferred embodiment, 
the second bond pad 606b is used for solder bonding in order to optimally provide 

15 solderability. The second bond pad 606b preferably has an approximately 

rectangular cross-sectional shape. The length L 606b of the second bond pad 606b 
may range, for example, from about 180 to 240 mils. In a preferred 
embodiment, the length L 606b of the second bond pad 606b ranges from about 200 
to 220 mils in order to optimally minimize thermal stresses. The width W 606b of 

20 the second bond pad 606b may range, for example, from about 15 to 25 mils. In a 
preferred embodiment, the width W 606b of the second bond pad 606b ranges from 
about 18 to 22 mils in order to optimally minimize thermal stresses. The height 
H 606b of the second bond pad 606b may range, for example, from about 0.1 to 1 
microns. In a preferred embodiment, the height H 606b of the second bond pad 

25 606b ranges from about 0.24 to 0.72 microns in order to optimally minimize 
thermal stresses. 

The resilient couplings 608 preferably resiliency attach the bond pads 606 
to the package 602. In a preferred embodiment, the resilient couplings 608 have 
minimal discontinuities in order to optimize the distribution of thermal stresses. 
30 In several alternate embodiments, there is a plurality of resilient couplings 608 
in order to optimize the relief of thermal stresses in the mass 604. In a preferred 
embodiment, the resilient couplings 608 are solder preforms preferably having an 
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approximately rectangular cross-sectional shape. In a preferred embodiment, the 
resilient couplings 608 are coupled to the bottom surface 626 of the cavity 616. 
The resilient couplings 608 may be any number of conventional commercially 
available solder preforms of the type, for example, eutectic or non-eutectic. In a 
5 preferred embodiment, the resilient couplings 608 are a eutectic type in order to 
optimally provide good yield strength with a reasonable melt temperature. 

In a preferred embodiment, there is a first resilient coupling 608a and a 
second resilient coupling 608b. The length L 608a of the first resilient coupling 
608a may range, for example, from about 200 to 250 mils. In a preferred 
10 embodiment, the length L 608a of the first resilient coupling 608a ranges from 
about 225 to 235 mils in order to optimally minimize thermal stresses. The 
width W 608a of the first resilient coupling 608a may range, for example, from 
about 20 to 35 mils. In a preferred embodiment, the width W 608a of the first 
resilient coupling 608a ranges from about 25 to 30 mils in order to optimally 
~15 minimize thermal stresses. The height of the first resilient coupling 608a 
may range, for example, from about 2 to 4 mils. In a preferred embodiment, the 
height H 608a of the first resilient coupling 608a ranges from about 2.5 to 3 mils in 
order to optimally minimize thermal stresses. 

The length L 608b of the second resilient coupling 608b may range, for 
20 example, from about 200 to 250 mils. In a preferred embodiment, the length 
L 608b of the second resilient coupling 608b ranges from about 225 to 235 mils in 
order to optimally minimize thermal stresses. The width W 608b of the second 
resilient coupling 608b may range, for example, from about 20 to 35 mils. In a 
preferred embodiment, the width W 608b of the second resihent coupling 608b 
25 ranges from about 25 to 30 mils in order to optimally minimize thermal stresses. 
The height H 608b of the second resilient coupling 608b may range, for example, 
from about 2 to 4 mils. In a preferred embodiment, the height H 608b of the second 
resilient coupling 608b ranges from about 2.5 to 3 mils in order to optimally 
minimize thermal stresses. 
30 The first resilient coupling 608a may be located a perpendicular distance 

ranging, for example, from about 5 to 25 mils from the first wall 618 of the cavity 
616 of the package 602 and may be located a perpendicular distance ranging, for 
-81- 



WO 00/56132 PCT/US00/06832 

example, from about 5 to 25 mils from the second wall 620 of the cavity 616 of 
the package 602. In a preferred embodiment, the first resilient coupling 608a is 
located a perpendicular distance ranging from about 7 to 12 mils from the first 
wall 618 of the cavity 616 of the package 602 in order to optimally minimize 
5 thermal stresses and located a distance ranging from about 7 to 12 mils from the 
second wall 620 of the cavity 616 of the package 602 in order to optimally 
mi ni mize thermal stresses. 

The second resilient coupling 608b may be located a perpendicular 
distance ranging, for example, from about 5 to 25 mils from the third wall 622 of 

10 the cavity 616 of the package 602 and may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the second wall 620 of the 
cavity 616 of the package 602. In a preferred embodiment, the second resilient 
coupling 608b is located a perpendicular distance ranging from about 7 to 12 mils 
from the third wall 622 of the cavity 616 of the package 602 in order to optimally 

15 minimize thermal stresses and located a distance ranging from about 7 to 12 mils 
from the second wall 620 of the cavity 616 of the package 602 in order to 
optimally minimize thermal stresses. 

In a preferred embodiment, the first resilient coupling 608a further 
includes a first bumper 652 and a second bumper 654 for slidingly supporting the 

20 mass 604. In a preferred embodiment, the first bumper 652 of the first resilient 
coupling 608a is located on one side of the first bond pad 606a and the second 
bumper 654 of the first resilient coupling 608a is located on another side of the 
first bond pad 606a. In a preferred embodiment, the first bumper 652 of the 
first resilient coupling 608a and the second bumper 654 of the first resilient 

25 coupling 608a are proximate to the first bond pad 606a. The width W 652 of the 
first bumper 652 of the first resilient coupling 608a may range, for example, from 
about 2 to 6 mils. In a preferred embodiment, the width W 652 of the first bumper 
652 of the first resilient coupling 608a ranges from about 3 to 5 mils in order to 
optimally minimize thermal stresses. The width of the second bumper 654 

30 of the first resilient coupling 608a may range, for example, from about 2 to 6 

mils. In a preferred embodiment, the width W 654 of the second bumper 654 of the 
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first resilient coupling 608a ranges from about 3 to 5 mils in order to optimally 
minimize thermal stresses. 

In a preferred embodiment, the second resilient coupling 608b further 
includes a first bumper 656 and a second bumper 658 for slidingly supporting the 
5 mass 604. In a preferred embodiment, the first bumper 656 of the second 
resilient coupling 608b is located on one side of the second bond pad 606b and 
the second bumper 658 of the second resilient coupling 608b is located on 
another side of the second bond pad 606b. In a preferred embodiment, the first 
bumper 656 of the second resilient coupling 608b and the second bumper 658 of 

10 the second resilient coupling 608b are proximate to the second bond pad 606b. 
The width W 656 of the first bumper 656 of the second resilient coupling 608b may 
range, for example, from about 2 to 6 mils. In a preferred embodiment, the width 
W 6g6 of the first bumper 656 of the second resilient coupling 608b ranges from 
about 3 to 5 mils in order to optimally minimize thermal stresses. The width 

I 5 W 658 of the second bumper 658 of the second resilient coupling 608b may range, 
for example, from about 2 to 6 mils. In a preferred embodiment, the width W^g 
of the second bumper 658 of the second resilient coupling 608b ranges from 
about 3 to 5 mils in order to optimally minimize thermal stresses. In a preferred 
embodiment, the resilient couplings 608 are coupled to the bond pads 606 using 

20 conventional solder equipment and processes. In a preferred embodiment, the 
resilient couplings 608 are coupled to the bottom surface 626 of the cavity 616 of 
the package 602 using conventional solder equipment and processes. 

The electrical connections 610 preferably electrically couple the mass 604 
to the package 602. In a preferred embodiment, the electrical connections 610 

25 are wire bonds. The electrical connections 610 may be any number of 

conventional commercially available wire bonds of the type, for example, gold or 
aluminum. In a preferred embodiment, the electrical connections 610 are gold in 
order to optimally provide compatibility with the package 602 and the mass 604 
metallization. In a preferred embodiment, there is a first electrical connection 

30 610a and a second electrical connection 610b. The first electrical connection 
610a preferably electrically couples the first parallel planar surface 612 of the 
package 602 to the top parallel planar surface 634 of the mass 404. The second 
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electrical connection 610b preferably electrically couples the second parallel 
planar surface 614 of the package 602 to the middle parallel planar surface 636 of 
the mass 604. In a preferred embodiment, the electrical connections 610 are 
coupled to the package 602 using conventional wire-bonding equipment and 
5 processes. In a preferred embodiment, the electrical connections 610 are coupled 
to the mass 604 using conventional wire-bonding equipment and processes. 

Referring to Fig. 6H, in an alternate embodiment, the mass 604 further 
includes a second passive region 662 at the opposite end of the bottom parallel 
planar surface 638 of the mass 604 from the passive region 648. The active 
10 region 650 is preferably located between the passive region 648 and the second 
passive region 662. In a preferred embodiment, the second bond pad 606b is 
located in the second passive region 662. 

Referring to Fig. 6J, in an alternate embodiment, there are one or more 
bond pads 672 and one or more bond pads 674. In a preferred embodiment, there 
15 is a first bond pad 672a and a second bond pad 672b. The bond pads 672a and 
672b are preferably substantially equal and horizontally proximate to each other. 
The bond pads 672a and 672b may be used for, for example, solder, glass frit, 
non-conductive epoxy, or conductive epoxy bonding. In a preferred embodiment, 
the bond pads 672 are used for solder bonding in order to optimally provide good 
20 manufacturability. The bond pads 672a and 672b preferably have an 

approximately rectangular cross-sectional shape. The length L 672 of the bond 
pads 672a and 672b may range, for example, from about 180 to 240 mils. In a 
preferred embodiment, the length L 672 of the bond pads 672a and 672b range 
from about 200 to 220 mils in order to optimally minimize thermal stresses. The 
25 width W 672 of the bond pads 672a and 672b may range, for example, from about 
10 to 20 mils. In a preferred embodiment, the width W 672 of the bond pads 672a 
and 672b range from about 13 to 18 mils in order to optimally minimize thermal 
stresses. The height H 672 of the bond pads 672a and 672b may range, for 
example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 672 
30 of the bond pad 672a and 672b ranges from about 0.24 to 0,72 microns in order 
to minimize thermal stresses. 
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The first bond pad 672a is preferably located in the passive region 648 the 
bottom parallel planar surface 638 of the mass 604. The first bond pad 672a 
may be located a perpendicular distance ranging, for example, from about 5 to 25 
mils from the first side 640 of the bottom parallel planar surface 638 of the mass 
5 604 and may be located a perpendicular distance ranging, for example, from 
about 5 to 25 mils from the second side 642 of the bottom parallel planar surface 
638 of the mass 604. The first bond pad 672a is preferably located a 
perpendicular distance ranging from about 7 to 12 mils from the first side 640 of 
the bottom parallel planar surface 638 of the mass 604 in order to optimally 

10 minimize thermal stresses and located a perpendicular distance ranging from 
about 7 to 12 mils from the second side 642 of the bottom parallel planar surface 
638 of the mass 604 in order to optimally minimize thermal stresses. 

The second bond pad 672b is preferably located in the passive region 648 
of the bottom parallel planar surface 638 of the mass 604. The second bond pad 

15 672b may be located a perpendicular distance ranging, for example, from about 
15 to 45 mils from the first side 640 of the bottom parallel planar surface 638 of 
the mass 604 and may be located a perpendicular distance ranging, for example, 
from about 5 to 25 mils from the second side 642 of the bottom parallel planar 
surface 638 of the mass 604. The second bond pad 672b is preferably located a 

20 perpendicular distance ranging from about 20 to 30 mils from the first side 640 
of the bottom parallel planar surface 638 of the mass 604 in order to optimally 
minimize thermal stresses and located a perpendicular distance ranging from 
about 5 to 25 mils from the second side 642 of the bottom parallel planar surface 
638 of the mass 604 in order to optimally minimize thermal stresses. 

25 In a preferred embodiment, there is a third bond pad 674a and a fourth 

bond pad 674b. The bond pads 674a and 674b are preferably substantially equal 
in size and horizontally proximate to each other. The bond pads 674a and 674b 
may be used for, for example, solder, glass frit, conductive epoxy, or non- 
conductive epoxy bonding. In a preferred embodiment, the bond pads 674a and 

30 674b are used for solder bonding in order to optimally provide good 
manufacturability. The bond pads 674a and 674b preferably have an 
approximately rectangular cross-sectional shape. The length L 574 of the bond 
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pads 674a and 674b may range, for example, from about 180 to 240 mils. In a 
preferred embodiment, the length L 674 of the bond pads 674a and 674b range 
from about 200 to 220 mils in order to optimally minimize thermal stresses. The 
width W 674 of the bond pads 674a and 674b may range, for example, from about 
5 10 to 20 mils. In a preferred embodiment, the width W 674 of the bond pads 674a 
and 674b range from about 13 to 18 mils in order to optimally minimize thermal 
stresses. The height H 674 of the bond pads 674a and 674b may range, for 
example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 674 
of the bond pad 674a and 674b ranges from about 0.24 to 0.72 microns in order 
10 to optimally minimize thermal stresses. 

The third bond pad 674a is preferably located in the active region 650 of 
the bottom parallel planar surface 638 of the mass 604. The third bond pad 674a 
may be located a perpendicular distance ranging, for example, from about 15 to 
45 mils from the third side 644 of the bottom parallel planar surface 638 of the 
15 mass 604 and may be located a perpendicular distance ranging, for example, from 
about 5 to 25 mils from the second side 642 of the bottom parallel planar surface 
638 of the mass 604. The third bond pad 674a is preferably located a 
perpendicular distance ranging from about 20 to 30 mils from the third side 644 
of the bottom parallel planar surface 638 of the mass 604 in order to optimally 
20 minimize thermal stresses and located a perpendicular distance ranging from 
about 7 to 12 mils from the second side 642 of the bottom parallel planar surface 
638 of the mass 604 in order to optimally minimize thermal stresses. 

The fourth bond pad 674b is preferably located in the active region 650 of 
the bottom parallel planar surface 638 of the mass 604. The fourth bond pad 
25 674b may be located a perpendicular distance ranging, for example, from about 5 
to 25 mils from the third side 644 of the bottom parallel planar surface 638 of the 
mass 604 and may be located a perpendicular distance ranging, for example, from 
about 5 to 25 mils from the second side 642 of the bottom parallel planar surface 
638 of the mass 604. The fourth bond pad 674b is preferably located a 
30 perpendicular distance ranging from about 7 to 12 mils from the third side 644 of 
the bottom parallel planar surface 638 of the mass 604 in order to optimally 
minimi ze thermal stresses and located a perpendicular distance ranging from 
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about 7 to 12 mils from the second side 642 of the bottom parallel planar surface 
638 of the mass 604 in order to optimally minimize thermal stresses. 

In an alternate embodiment, the third bond pad 674a and the fourth bond 
pad 674b are located in the second passive region 662. 
5 Referring to Fig. 6K through 6S, in an alternate embodiment, a bond pad 

606c, a pair of bond pads 606d and 606e, a bond pad 606f, a bond pad 606g, a pair 
of bond pads 606h and 606i, a trio of bond pads 606j and 606k and 6061, a bond 
pad 606m, and a pair of bond pads 606n and 606o may be substantially 
substituted for each of the bond pads 606a and 606b described above with 
10 reference to Fig. 6A. 

Referring to Fig. 6K, in an alternate embodiment, the bond pad 606c may 
have an approximately oval cross-sectional shape. The bond pad 606c may have 
an approximate cross-sectional area ranging from about 4000 to 8750 square 
mils, individually. In a preferred embodiment, the bond pad 606c have an 
15 approximate cross-sectional area ranging from about 5625 to 7050 square mils, 
individually, in order to optimally minimize thermal stresses. The height H 606 of 
the bond pad 606c may range, for example, from about 0.1 to 1 micron. In a 
preferred embodiment, the height H 606 of the bond pad 606c ranges from about 
0.24 to 0.72 microns in order to optimally minimize thermal stresses. 
20 Referring to Fig. 6L, in an alternate embodiment, the bond pads 606e and 

606d are substantially equal in size, vertically proximate to each other, and have 
an approximately oval cross-sectional shape. The bond pads 606e and 606d may 
have an approximate total cross-sectional area ranging from about 4000 to 8750 
square mils. In a preferred embodiment, the bond pads 606e and 606d have an 
25 approximate total cross-sectional area ranging from about 5625 to 7050 square 
mils in order to optimally minimize thermal stresses. The height H 606 of the 
bond pads 606e and 606d may range, for example, from about 0.1 to 1 micron. 
In a preferred embodiment, the height H 606 of the bond pad 606e and 606d 
ranges from about 0.24 to 0.72 microns in order to optimally minimize thermal 
30 stresses. 

Referring to Fig. 6M, in an alternate embodiment, the bond pad 606f has 
an approximately tri-oval cross-sectional shape. The bond pad 606f may have 
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approximate cross-sectional area ranging from about 4000 to 8750 square mils, 
individually. In a preferred embodiment, the bond pad 606f have an approximate 
cross-sectional area ranging from about 5625 to 7050 square mils, individually, in 
order to optimally minimize thermal stresses. The height H 606 of the bond pad 
5 606f may range, for example, from about 0.1 to 1 micron. In a preferred 

embodiment, the height H 606 of the bond pad 606f ranges from about 0.24 to 0.72 
microns in order to optimally minimize thermal stresses. 

Referring to Fig. 6N, in an alternate embodiment, the bond pad 606g has 
an approximately oct-oval cross-sectional shape. The bond pad 606g may have an 
10 approximate cross-sectional area ranging from about 4000 to 8750 square mils. 
In a preferred embodiment, the bond pad 606g has an approximate cross- 
sectional area ranging from about 5625 to 7050 square mils in order to optimally 
minimize thermal stresses. The height H 606 of the bond pad 606g may range, for 
example, from about 0.1 to 1 micron. In a preferred embodiment, the height H 606 
15 of the bond pad 606g ranges from about 0.24 to 0.72 microns in order to 
optimally minimize thermal stresses. 

Referring to Fig. 6P, in an alternate embodiment, the bond pads 606h and 
606i are substantially equal in size, vertically proximate to each other, and have 
an approximately rectangular cross-sectional shape. The bond pads 606h and 
20 606i may have an approximate total cross-sectional area ranging from about 4000 
to 8750 square mils. In a preferred embodiment, the bond pads 606h and 606i 
have an approximate total cross-sectional area ranging from about 5625 to 7050 
square mils in order to optimally minimize thermal stresses. The height H 60s of 
the bond pads 606h and 606i may range, for example, from about 0.1 to 1 micron. 
25 In a preferred embodiment, the height H 606 of the bond pad 606h and 606i ranges 
from about 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

Referring to Fig. 6Q, in an alternate embodiment, the bond pads 606j 
606k, and 6061 are substantially equal in size, vertically proximate to each other, 
and have an approximately rectangular cross-sectional shape. The bond pads 
30 606j 606k, and 6061 may have an approximate total cross-sectional area ranging 
from about 4000 to 8750 square mils. In a preferred embodiment, the bond pads 
606j 606k, and 6061 have an approximate total cross-sectional area ranging from 
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about 5625 to 7050 square mils in order to optimally minimize thermal stresses. 
The height H 606 of the bond pads 606j 606k, and 6061 may range, for example, 
from about 0.1 to 1 micron. In a preferred embodiment, the height H 606 of the 
bond pad 606j 606k, and 6061 ranges from about 0.24 to 0.72 microns in order to 
5 optimally minimize thermal stresses. 

Referring to Fig. 6R in an alternate embodiment, the bond pad 606m may 
have an approximately wavy sided rectangular cross-sectional shape. The bond 
pad 606m may have an approximate cross-sectional area ranging from about 
4000 to 8750 square mils, individually. In a preferred embodiment, the bond pad 

10 606m have an approximate cross-sectional area ranging from about 5625 to 7050 
square mils, individually, in order to optimally minimize thermal stresses. The 
height H 606 of the bond pad 606m may range, for example, from about 0.1 to 1 
micron. In a preferred embodiment, the height H 606 of the bond pad 606m ranges 
from about 0.24 to 0.72 microns in order to optimally minimize thermal stresses. 

15 Referring to Fig. 6S, in an alternate embodiment, the bond pads 606n and 

606o are horizontally proximate to each other and have an approximately 
rectangular cross-sectional shape. The bond pad 606n is approximately smaller 
in size than the bond pad 606o. The bond pads 606n and 606o may have an 
approximate total cross-sectional area ranging from about 4000 to 8750 square 

20 mils. In a preferred embodiment, the bond pads 606n and 606o have an 

approximate total cross-sectional area ranging from about 5625 to 7050 square 
mils in order to optimally minimize thermal stresses. The height H 606 of the 
bond pads 606n and 606o may range, for example, from about 0.1 to 1 micron. 
In a preferred embodiment, the height H e06 of the bond pads 606n and 606o 

25 ranges from about 0.24 to 0.72 microns in order to optimally romimize thermal 
stresses. 

Referring to Fig. 6T through 6W, in an alternate embodiment, there are 
one or more resilient couplings 676 and one or more resilient couplings 678. In a 
preferred embodiment, the resilient couplings 676 are solder preforms 
30 preferably having an approximately rectangular cross-sectional shape. The 
resilient couplings 676 are preferably substantially equal in size and vertically 
proximate to each other. The resilient couplings 676 may be any number of 
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conventional commercially available solder preforms of the type, for example, 
eutectic or non-eutectic. In a preferred embodiment, the resilient couplings 676 
are a eutectic type in order to optimally provide good yield strength with a 
reasonable melt temperature. The length L 676 of the resilient couplings 676 may 
5 range, for example, from about 90 to 120 mils. In a preferred embodiment, the 
length L 676 of the resilient couplings 676 ranges from about 101 to 112 mils in 
order to optimally minimize thermal stresses. The width W 676 of the resilient 
couplings 676 may range, for example, from about 20 to 35 mils. In a preferred 
embodiment, the width W 676 of the resilient couplings 676 ranges from about 25 

10 to 30 mils in order to optimally minimize thermal stresses. The height H 676 of 
the resilient couplings 676 may range, for example, from about 2 to 4 mils. In a 
preferred embodiment, the height H 676 of the resilient couplings 676 ranges from 

" about 2.5 to 3 mils in order to optimally minimize thermal stresses. In a 
preferred embodiment, the resilient couplings 676 are coupled to the bottom 

15 surface 626 of the cavity 616 the package 602 using conventional solder 

equipment and processes. In a preferred embodiment, the resilient couplings 676 
are coupled to the bond pads 606 using conventional solder equipment and 

J processes. In a preferred embodiment, there is a first resilient coupling 676a and 

j a second resilient coupling 676b. 

20 The first resilient coupling 676a be located a perpendicular distance 

ranging, for example, from about 5 to 25 mils from the first wall 618 the cavity 
616 of the package 602 and may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the second wall 620 of the cavity 616 of 
the package 602. In a preferred embodiment, the first resilient coupling 676a is 

25 located a perpendicular distance ranging from about 7 to 12 mils from the first 
wall 618 of the cavity 616 of the package 602 in order to optimally minimize 
thermal stresses and located a distance ranging from about 7 to 12 mils from the 
second wall 620 of the cavity 616 of the package 602 in order to optimally 
minimize thermal stresses. 

30 The first resilient coupling 676a further includes one or more first 

bumpers 664 for slidingly supporting the mass 604. In a preferred embodiment, 
the first bumpers 664 are located on both sides of the first bond pad 606a In a 
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preferred embodiment, the first bumpers 664 are proximate to the first bond pad 
606a. The width W 664 of the first bumpers 664 may range, for example, from 
about 2 to 6 mils. In a preferred embodiment, the width W 664 of the first 
bumpers 664 range from about 3 to 5 mils in order to optimally rninimize 
5 thermal stresses. 

The second resilient coupling 676b may be located a perpendicular 
distance ranging, for example, from about 5 to 25 mils from the first wall 618 the 
cavity 616 of the package 602 and may be located a perpendicular distance 
ranging, for example, from about 105 to 145 mils from the second wall 620 of the 

10 cavity 616 of the package 602. In a preferred embodiment, the second resilient 
coupling 676b is located a perpendicular distance ranging from about 7 to 12 mils 

t from the first wall 618 of the cavity 616 of the package 602 in order to optimally 

iS minimize thermal stresses and located a distance ranging from about 112 to 127 
mils from the second wall 620 of the cavity 616 of the package 602 in order to 

15 optimally minimize thermal stresses. 

The second resilient coupling 676b further includes one or more second 
bumpers 666 for shdingly supporting the mass 604. In a preferred embodiment, 
the second bumpers 666 are located on one side of the first bond pad 606a. In a 
preferred embodiment, the second bumpers 666 are proximate to the first bond 

20 pad 606a. The width W 666 of the second bumpers 666 may range, for example, 
from about 2 to 6 mils. In a preferred embodiment, the width W 666 of the second 
bumpers 666 range from about 3 to 5 mils in order to optimally minimize 
thermal stresses. 

In a preferred embodiment, the resilient couplings 678 are solder 

25 preforms preferably having an approximately rectangular cross-sectional shape. 
The resilient couplings 678 may be any number of conventional commercially 
available solder preforms of the type, for example, eutectic or non-eutectic. In a 
preferred embodiment, the resilient couplings 678 are a eutectic type in order to 
optimally provide good yield strength with a reasonable melt temperature. The 

30 length L 678 of the resilient couplings 678 may range, for example, from about 90 
to 120 mils. In a preferred embodiment, the length L 678 of the resilient couplings 
678 ranges from about 101 to 112 mils in order to optimally mmimize thermal 
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stresses. The width W 678 of the resilient couplings 678 may range, for example, 
from about 20 to 35 mils. In a preferred embodiment, the width W 678 of the 
resilient couplings 676 ranges from about 25 to 30 mils in order to optimally 
minimize thermal stresses. The height H 678 of the resilient couplings 678 may 
5 range, for example, from about 2 to 4 mils. In a preferred embodiment, the 
height H 678 of the resilient couplings 678 ranges from about 2.5 to 3 mils in order 
to optimally mmimize thermal stresses. In a preferred embodiment, the resilient 
couplings 678 are coupled to the bottom surface 626 of the cavity 616 the 
package 602 using conventional solder equipment and processes. In a preferred 
10 embodiment, the resilient couplings 678 are coupled to the bond pads 606 using 
conventional solder equipment and processes. In a preferred embodiment, there 
is a third resilient coupling 678a and a second resilient coupling 678b. 

The third resilient coupling 678a may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the third wall 622 the cavity 
15 616 of the package 602 and may be located a perpendicular distance ranging, for 
example, from about 5 to 25 mils from the second wall 620 of the cavity 616 of 
the package 602. In a preferred embodiment, the third resilient coupling 678a is 
located a perpendicular distance ranging from about 7 to 12 mils from the third 
wall 622 of the cavity 616 of the package 602 in order to optimally minimize 
20 thermal stresses and located a distance ranging from about 7 to 12 mils from the 
second wall 620 of the cavity 616 of the package 602 in order to optimally 
minimize thermal stresses. 

The third resilient coupling 678a further includes one or more third 
bumpers 668 for slidingly supporting the mass 604. In a preferred embodiment, 
25 the third bumpers 668 are located on both sides of the second bond pad 606b In 
a preferred embodiment, the third bumpers 668 are proximate to the second 
bond pad 606b. The width W 668 of the third bumpers 668 may range, for 
example, from about 2 to 6 mils. In a preferred embodiment, the width W 668 of 
the third bumpers 668 range from about 3 to 5 mils in order to optimally 
30 minimize thermal stresses. 

The fourth resilient coupling 678b may be located a perpendicular distance 
ranging, for example, from about 5 to 25 mils from the third wall 622 the cavity 
-92- 



WO 00/56132 PCT/US00/06832 

616 of the package 602 and may be located a perpendicular distance ranging, for 
example, from about 105 to 145 mils from the second wall 620 of the cavity 616 
of the package 602. In a preferred embodiment, the fourth resilient coupling 
678b is located a perpendicular distance ranging from about 7 to 12 mils from the 
5 third wall 622 of the cavity 616 of the package 602 in order to optimally minimize 
thermal stresses and located a distance ranging from about 112 to 127 mils from 
the second wall 620 of the cavity 616 of the package 602 in order to optimally 
minimize thermal stresses. 

The fourth resilient coupling 678b further includes one or more fourth 

10 bumpers 670 for slidingly supporting the mass 604. In a preferred embodiment, 
the fourth bumpers 670 are located on one side of the second bond pad 606b. In 
a preferred embodiment, the fourth bumpers 670 are proximate to the second 
bond pad 606b. The width W 670 of the fourth bumpers 670 may range, for 
example, from about 2 to 6 mils. In a preferred embodiment, the width W 670 of 

15 the fourth bumpers 670 range from about 3 to 5 mils in order to optimally 
minimize thermal stresses. 

Referring to Figs. 6X through 6BB, in an alternate embodiment, the 
system 600 further includes one or more sliding supports 660a, 660b, 660c, or 
660d. The sliding supports 660a, 660b, 660c, or 660d preferably slidingly 

20 support the mass 604. The sliding supports 660a, 660b, 660c, or 660d are 
preferably coupled to the bottom surface 626 of the cavity 616 of the package 
602. The sliding supports 660a may have an approximately square cross 
sectional shape. The sliding supports 660b may have an approximately 
rectangular cross sectional shape. The sliding supports 660c may have an 

25 approximately triangular cross sectional shape. The sliding supports 660d may 
have an approximately circular cross sectional shape. The sliding supports 660a, 
660b, 660c, or 660d may be, for example, tungsten or ceramic. In a preferred 
embodiment, the sliding supports 660a, 660b, 660c, or 660d are tungsten order to 
optimally provide a standard packaging process. The cross-sectional area of one 

30 of the sliding supports 660a, 660b, 660c, or 660d may range, for example, from 
about 400 to 1600 square mils, individually. In a preferred embodiment, the 
cross-sectional area of the sliding supports 660a, 660b, 660c, or 660d ranges from 
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about 625 to 1225 square mils, individually, in order to optimally minimize 
thermal stresses. The height H 660 of the sliding supports 660a, 660b, 660c, or 
660d may range, for example, from about 0.5 to 3 mils. In a preferred 
embodiment, the height H 660 of the sliding supports 660a, 660b, 660c, or 660d 
5 ranges from about 1 to 1.5 mils in order to optimally minimize thermal stresses. 

In a preferred embodiment, there is a first sliding support 660aa, a second 
shding support 660ab, a third sUding support 660ac, and a fourth sliding support 
660ad. The first sliding support 660aa may be located a perpendicular distance 
ranging, for example, from about 45 to 75 mils from the first wall 618 of the 

10 cavity 616 of the package 602 and may be located a perpendicular distance 

ranging, for example, from about 85 to 115 mils from the second wall 620 of the 
cavity 616 of the package 602. In a preferred embodiment, the first sliding 
support 660aa is located a perpendicular distance ranging from about 52 to 62 
mils from the first wall 618 of the cavity 616 of the package 602 in order to 

15 optimally minimize thermal stresses and located a perpendicular distance from 
about 90 to 105 mils from the second wall 620 of the cavity 616 of the package 
602 in order to optimally minimize thermal stresses. 

The second sliding support 660ab may be located a perpendicular distance 
ranging, for example, from about 45 to 75 mils from the first wall 618 of the 

20 cavity 616 of the package 602 and may be located a perpendicular distance 
ranging, for example, from about 15 to 30 mils from the second wall 620 of the 
cavity 616 of the package 602. In a preferred embodiment, the second shding 
support 660ab is located a perpendicular distance ranging from about 52 to 62 
mils from the first wall 618 of the cavity 616 of the package 602 in order to 

25 optimally mininiize thermal stresses and located a perpendicular distance 

ranging from about 20 to 25 mils from the second wall 620 of the cavity 616 of 
the package 602 in order to optimally minimize thermal stresses. 

The third shding support 660ac may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 618 of the 

30 cavity 616 of the package 602 and may be located a perpendicular distance 
ranging, for example, from about 15 to 30 mils from the second wall 620 of the 
cavity 616 of the package 602. In a preferred embodiment, the third sliding 
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support 660ac is located a perpendicular distance ranging from about 90 to 105 
mils from the first wall 618 of the cavity 616 of the package 602 in order to 
optimally minimize thermal stresses and located a perpendicular distance 
ranging from about 20 to 25 mils from the second wall 620 of the cavity 616 of 
5 the package 602 in order to optimally minimize thermal stresses. 

The fourth sliding support 660ad may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the first wall 618 of the 
cavity 616 of the package 602 and may be located a perpendicular distance 
ranging, for example, from about 85 to 115 mils from the second wall 620 of the 

10 cavity 616 of the package 602. In a preferred embodiment, the fourth sliding 
support 660ad is located a perpendicular distance ranging from about 90 to 105 
mils from the first wall 618 of the cavity 616 of the package 602 in order to 
optimally minimize thermal stresses and located a perpendicular distance 
ranging from about 90 to 105 mils from the second wall 620 of the cavity 616 of 

;15 the package 602 in order to optimally minimize thermal stresses. 

In an alternate embodiment, the resilient couplings 608 may also 
electrically couple the mass 604 to the package 602. 

In an alternate embodiment, the resilient couplings 676 and 678 may also 
electrically couple the mass 604 to the package 602. 

20 Referring to Figs. 7A through 7D, in several alternate embodiments, the 

packages 102, 202, 302, 402, 502 and 602 include one or more pedestals 702a or 
702b for supporting one or more resilient couplings 108, 150, 208, 260, 308, 363, 
408, 470, 508, 566, 568, 608, 676, and 678. The pedestals 702a and 702b may be 
fabricated from, for example, tungsten or ceramic. In a preferred embodiment, 

25 the pedestals 702a and 702b are fabricated from ceramic. The height H 702 of the 
pedestals 702a and 702b may range, for example, from about 0 to 10 mils. In a 
preferred embodiment, the height H 702 of the pedestals 702a and 702b is 
approximately 5 mils. The pedestal 702a is preferably a rectangular shaped 
support pipe. The pedestal 702a preferably has straight edges. In an alternate 

30 embodiment, the pedestal 702b is a cylindrical section. The pedestal 702b 

preferably has tapered sides. In an alternate embodiment, the pedestal 702b has 
straight sides. In a preferred embodiment, the pedestals 702a and 702b have a 
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shape that optimally minimizes the thermal stresses between the pedestals 702a 
and 702b and the supported resilient couplings 108, 150, 208, 260, 308, 363, 408, 
470, 508, 566, 568, 608, 676, and 678. 

In several alternate embodiments, the packages 102, 202, 502, and 602, as 
5 described above with reference to Figs. 1A, 2A, 5A, and 6A, include one or more 
recesses 326, as described above with reference to Fig. 3G, for receiving one or 
more resilient couplings 108, 208, 308, 408, 508 and 608, as described above with 
reference to Figs. 1A, 2A, 3A, 4A, 5A, and 6A. 

In several alternate embodiments, splitting the resilient attachment of the 
10 mass 104, 204, 304, 404, 504, and 604, as described above with reference to Figs. 
1A, 2A, 3A, 4A, 5A, and 6A, to the package 102, 202, 302, 402, 502, and 602, as 
described above with reference to Figs. 1A, 2A, 3A, 4A, 5A, and 6A, reduces the 
stress from the attachment. 

In several alternate embodiments, the resilient couplings 108, 208, 308, 
15 408, 508 and 608, as described above with reference to Figs. 1A, 2A, 3A, 4A, 5A, 
and 6A, are split into one or more pieces by splitting solder preform, conductive 
epoxy, non-conductive epoxy, or glass frit. 

In several alternate embodiments, the bond pads 106, 206, 306, 406, 506, 
and 606, as described above with reference to Figs. 1A, 2A, 3A, 4A, 5A, and 6A 
20 are split into one or more pieces by splitting the bond pads 106, 206, 306, 406, 
506, and 606, as described above with reference to Figs. 1A, 2A, 3A, 4A, 5A, and 
6A, using any conventional splitting method. 

In several alternate embodiments, the mass 104, 204, 304, 404, 504, and 
604, as described above with reference to Figs. 1A, 2A, 3A, 4A, 5A, and 6A, may 
25 be a micromachined device, an integrated circuit chip, or an optical device. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is 
contemplated in the foregoing disclosure. In some instances, some features of 
the present invention may be employed without a corresponding use of the other 
30 features. Accordingly, it is appropriate that the appended claims be construed 
broadly and in a manner consistent with the scope of the invention. 
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CLAIMS 



1 1 . An apparatus including thermal stress reduction, comprising: 

2 a package; 

3 a mass coupled to the package, the mass having a surface, the mass farther 

4 including an active region; and 

5 one or more substantially rigid members for attaching at least one point on the 

6 surface to the package to create a resilient coupling between the mass and the 

7 package, wherein at least a portion of the active region is spaced apart from 
S the at least one point of attachment. 

1 2. The apparatus of claim 1 , wherein the package comprises; a package including 

2 a cavity for receiving the mass. 

r ■ 1 3 . The apparatus of claim 1 , wherein the package comprises: 

2 a package including a recess for receiving the rigid member. 

1 4. The apparatus of claim 1 , wherein the mass comprises one or more bond pads for 

2 coupling the mass to the package. 

\ m J 1 5. The apparatus of claim 4, wherein the bond pads have a cross-sectional shape 

2 selected from the group consisting of approximately rectangular, approximately oval, 

3 approximately tri-oval, approximately oct-oval } approximately wavy sided rectangular, 

4 approximately oct- pie-wedge, approximately hollow oct-pie-wedge, approximately nine- 

5 circular, approximately starburst, or approximately sunburst. 

1 6. The apparatus of claim 4, wherein the mass comprises one or more passive 

2 regions; and 

3 wherein the bond pads are approximately located in the passive regions. 
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1 7. The apparatus of claim 4, wherein the mass further comprises a first passive 

2 region; and 

3 wherein the bond pads are approximately located in the first passive region. 



8 . The apparatus of claim 7, wherein the first passive region is located at one end of 



1 



2 the mass. 



1 9. The apparatus of claim 4, wherein the mass further comprises a first passive 

2 region and a second passive region; and 

3 wherein the bond pads are located in the first passive region and the second 
^ 4 passive region. 

1 10 - The apparams of claim 9, wherein the first passive region is located at one end of 

2 the mass; and 

~i 3 wherein the second passive region is located at the opposite end of the mass. 

1 1 1 • Tiie apparatus of claim 4, wherein the mass further comprises a first passive 
v 2 region integral to the active region; and 

V; 3 wherein the bond pads are located in the first passive region. 

Cii 1 12 - The apparatus of claim 11, wherein the first passive region is located at one end 

2 of the mass; and 

3 wherein the first active region is located at the opposite end of the mass. 

1 13. The apparatus of claim 4, wherein the mass further comprises an active region; 

2 and 



wherein the bond pads are approximately located in the active region. 
14. The apparatus of claim 13, wherein the bond pads are located in the approximate 



2 center of the active region. 
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1 1 5 - The apparatus of claim 1 , wherein the rigid members have a cross-sectional shape 

2 that is approximately rectangular or approximately circular. 

1 16. The apparatus of claim 1 , wherein the rigid members are approximately located 

2 at one end of the package. 

1 1 7. The apparatus of claim 1 , wherein the rigid members are approximately located 

2 at the approximate center of the package. 

1 18. The apparatus of claim 1 , wherein there are one or more first rigid members and 

2 one or more second rigid members; 

3 wherein the first rigid members are approximately located at one end of the 

4 package; and 

5 wherein the second rigid members are approximately located at the opposite end 

6 of the package. 

1 19. The apparatus of claim 1, wherein the rigid members are a material selected from 

2 the group consisting of solder, conductive epoxy, non-conductive epoxy, and glass frit. 

1 20. The apparatus of claim 1 , further comprising one or more sliding supports coupled 

2 to the package for slidingly supporting the mass. 

1 21 . The apparatus of claim 20, wherein the sliding supports have a cross-sectional 

2 shape selected from the group consisting of approximate square, approximate circle, 

3 approximate triangle and approximate rectangle. 



1 
2 



22. The apparatus of claim 1 , wherein the package comprises: 

a package including a pedestal for supporting the rigid members. 
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1 23. The apparatus of claim 1, wherein the mass is a raicro-machine<i device, an 

2 integrated circuit chip, or an optical device. 

1 24. The apparatus of claim 1 , wherein the rigid members further electrically couple 

2 the mass to the package. 

1 25. A method of coupling a mass having an active region to a package to reduce 

2 effects of thermal stress, comprising: 

3 attaching at least one surface point on the mass to the package using one or more 

4 substantially rigid members to create a resilient coupling between the mass and 

5 the package, wherein at least a portion of the active region is spaced apart from 

6 the at least one point of attachment. 

1 26. The method of claim 25, wherein attaching the mass comprises attaching the mass 

2 at a plurality of locations. 

1 27. The method of claim 25, wherein the mass comprises a passive region, and 

2 wherein attaching the mass comprises attaching the passive region to the package. 

1 28 . The method of claim 27, wherein the passive region is located at one end of the 

2 mass. 

1 29. The method of claim 25, wherein attaching the mass comprises attaching the 

2 active region to the package. 

1 30. The method of claim 29, wherein attaching the active region comprises attaching 

2 the approximate center of the active region to the package. 
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3 1 . The method of claim 25, wherein the mass comprises a first passive region and 
a second passive region; and 

wherein attaching the mass comprises attaching the first passive region to the 
package and attaching the second passive region to the package. 

32. The method of claim 3 1 , wherein the first passive region is located at one end of 
the mass; and 

wherein the second passive region is located at an opposite end of the mass. 

33. The method of claim 25, wherein the mass further comprises a passive region 
integral to the active region; and 

wherein attaching the mass comprises attaching the passive region to the package. 

34. The method of claim 33 , wherein the passive region is at one end of the mass; and 
wherein the active region is at the opposite end of the mass. 

35. The method of claim 25 „ wherein attaching the mass comprises permitting the 
mass to expand and contract without inducing stresses in the mass. 

36. The method of claim 25, wherein attaching the mass comprises providing for 
expansion and contraction of the package without inducing stresses in the mass. 

37. The method of claim 25, further comprising slidingly supporting the mass at one 
or more different locations. 

38. The method of claim 37, wherein slidingly supporting the mass comprises 
Slidingly supporting the mass at a plurality of locations. 

39. The method of claim 37, wherein slidingly supporting the mass comprises 
providing for expansion and contraction without inducing stresses in the package. 
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1 40. The method of claim 25, wherein attaching the mass comprises providing for 

2 expansion and contraction without inducing stresses in the package . 

1 41. The method of claim 25, further comprising electrically coupling the mass to the 

2 package at one or more different locations. 
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 



As the below named inventors, we hereby declare that: 

Our residence, post office address and citizenship are as stated below under our 

names. 

We believe that we are the original, first and joint inventors of the subject matter which 
is claimed and for which a patent is sought on the invention entitled "LOW STRESS DIE 
ATTACHMENT," the specification of which was fiied on August 28, 2001 as Serial No 
09/914,421. 

We hereby state that we have reviewed and understand the contents of the above 
identified specification, including the claims, as amended by any amendment referred to above. 

We acknowledge the duty to disclose ail information known to us which is material to 
patentability as defined in Title 37, Code of Federal Regulations, Sec. 1 .56. 

We hereby claim foreign priority benefits under Title 35, United States Code, Sec. 119 
of any foreign application(s) for patent or inventor's certificate listed below and have aiso 
identified below any foreign application for patent or inventor's certificate having a fiiing date 
before that of the application on which priority is claimed. 

PRIOR FOREIGN APPLICATION(S) 

NUMBER COUNTRY (DAY/MONTH/YEAR FILED) PRIORITY CLAIMED 

PCT/US00/06832 PCT/US March 15,2000 YES XX NO 

We hereby ciaim the benefit under Title 35, United States Code, Sec. 120 of any United 
States application listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in any prior United States application in the manner provided by the 
first paragraph of Title 35, United States Code, Sec. 112, we acknowledge the duty to disclose 
information which is material to patentability as defined by Title 37, Code of Federal 
Regulations, Sec. 1.56, which became available between the fiiing date of the prior application 
and the national or PCT international filing date of this application: 

SERIAL NO. FILING DATE STATUS 

60/125,076 March 17, 1999 Expired 

We hereby appoint, Paul S. Madan (Reg. No. 33,011), Kaushik P. Sriram (Reg. No. 
43,150), David L. Mossman (Reg. No. 29,570), Steven G. Morgan (Reg. No. 43,814), G. 
Michaei Roebuck (Reg. No. 35,662), Todd A. Bynum, Reg. No. 39,488; W. Allen Marcontefl, 
(Reg. No. 22,925), Gene L. Tyler (Reg. No. 35,395), William E. Schmidt (Reg. No. 47,064), and 
Chandran D. Kumar (Reg. No. 48,679), as attorneys with full power of substitution and 
revocation to prosecute this application and transact ail business in the Patent and Trademark 
Office connected therewith. 
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Please address ail correspondence regarding this application to: 



TODD AJ3Y NUM 
Madarv, Mossma,p_& Sricam-R,Q^ 
2603 Aug u sta Drive, Su iteJOO 
Houston. Texas 77057 ^ — 
Telephone: 713/266-1130 
Facsimile: 713/266-8510 



Direct all telephone calls to TODD A. BYNUM, at (713) 266-1 130, Extension 113. 

We hereby declare that all statements made herein of our own knowledge are true and 
that ail statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Sec. 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issued thereon. « 



Inventor: 




Residence: 



4436 Jim West 
Bellaire, Texas 77401 




Post Office Address: 



Same 



Citizen Of: 



India 
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Inventor: 




Residence: 3305 Shimmering Dawn ~*>f\f 

^mAl^snio, Texas 78253 j J\ 

Post Office Address: Same 



Date 




Oames l. marsh 



TAMMI KELLEY 
jji.f^lfU MY COMMiSSION EXPiRES 

|% vp| M oy 06, 2002 
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Inventor: lT^ JdOWARD D. GOLDBERG 

Residence: 3007 Colony Crossing 

Sugar Land, Texas 77479 | 

Post Office Address: Same 



Citizen Of: US 
Date HOWARD D. GOLDBERG 
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Inventor: 
Residence: 



Post Office Address: 



DULj YU 

15700 Lexington Boulevard, # 1301 
Sugar Land, Texas 77478 c^j^^ 

Same 



ws.A 



Inventor: 



W. MARC STALMAKE^. 



Residence: 4771 Sweetwater Boulevard PMB 163 

Sugar Land, Texas 77479 ~~T'^ 

Post Office Address: Same 



Citizen Of: US 



Date W. MARC STALNAKER 
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